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Hysterosalpingogram with Salpix Contrast Viedium. 24-hour postinjection x-ray of same patient. 


now you see it now you don't 


With Salpix as your contrast medium, your gynecologic pa- CONTRAST MEDIUM 


tient needn't undergo the 24-hour postinjection x-ray usually 
required with iodized oils. Water-soluble Salpix leaves virtu- 
ally no irritating radiopaque residue to produce foreign-body TRADEMARK 


reactions, yet it provides the viscosity needed for adequate cach ce contains: l 
E ar e Ea j i i sodium acetrizoate 0.53 g and 


polyvinylpyrrolidone 0.23 g 


Contraindications: Contraindications to hysterosalpingography include the 
presence of severe vaginal or cervical infections, existing or recent pelvic 
infection, marked cervical erosion or endoc ervicitis, and pregnancy. The pro 
cedure is contraindicated during the immediate pre- or post-menstrual phase. 
Sensitivity Test: If indicated in the patient’s h story, an intracutaneous skin test 
or sublingual absorption observation may be done with 0.1 cc Sal pix. 


Warning: Not for intravenous use. © ORTHO PHARMACEUTICAL CORPORATION 1970 
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aPrep Kits: 


first choice for fewer retakes. 


The greatest defect in colon examinations is in 
the preparation of the colon. ' 

Fleet" Barium Enema Prep Kits systematize 
and improve colon prepping because they con- 
form to the recommended method which pro- 
vides a combination of diet, hydration and 
proven laxation which stimulates the large and 
small intestines.* The result? Cleaner colons, 
clearer x-rays and fewer retakes. 

All Fleet Prep Kits offer three laxative 
steps: 112 oz. of Fleet" Phospho;Soda 
followed by four Fleet” Bisacodyl tablets, 
plus a final cleansing 
step. Prep Kit 1 


offers Fleet® Bisacodyl suppository. Prep Kit 2 
offers a large-volume disposable Fleet® Bagen- 
ema And Prep Kit 3 offers our new Fleet Bisa- 
cody enema. And all three Prep Kits have easy- 
to-folaw instructions with a choice of flexible 
time tables to fit your schedule. 

With Jeet Barium Enema Prep Kits, you'll be 
sure of convenient, depend- 
_ able, effective colon preo- 
















eet Barium Enema Prep Kits 


for cieaner colons, clearer x-rays and fewer retakes. 





Fleet 





C.B. Fleet Co.. Inc. 


Lynchburg, Va. 24505 


'Dr. F.E Miller, Ad Hoc Committee on Detection 
of Cancer of the Colon, Detection of Colon Lesions. 
Amencan College of Radiology, (Chicago, IIl., 1973) p. 76. 
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contrast 


MEDIA 


products 


known 


WORLD-WIDE 


name isn’ 


GUERBET 
BETTER CONTRAST MEDIA THROUGH RESEARCH 


Laboratoire Guerbet, 16/24, rue Jean-Chaptal 
93601 AULNAY-SOUS-BOIS Cedex - FRANCE 
Telex : Guerbet 690682 











Excellent visualization in intravenous pyelogram 18 hours after adminsstration of 212 oz, X-PREP Liquid for 
preradiographic bowel cleansing. (In the files of the Medical Deparment of The Purdue Frederick Company.) 


To prep the bowel for intravenous pyelography 


X-PREP Liquid 


(standardized extract of senna fruit 


One step « One dose « One bottle 





O X-PREP Liquid is designed O A single 2¥2 0z. oral dose is oO Pleasant taste meets with Figh 
specifically for preradiographic usually all that is required. No patient acceptance. Ecse of 
bowel cleansing— without enemas, residual oil droplets (such as may administration is appreciated by 
suppositories or overhydration. occur with castor oil). the patient and nursing staff. 


Gray Pharmaceutical Co., Affiliate 
The Purdue Frederick Company 


© COPYRIGHT 1975, GRAY PHARMACEUTICAL CO./ NORWALK, CONN. 06856 A7901 160875 





You may be a tough Ol bird... 
- butyou've got your reasons 


you demand excellence in products, 
performance and service...and won't 
settie for less. 


At Agfa-Gevaert, we share the same 
philosophy. We didn’t get to be the 
second largest photo products manu- 
facturer in the world without good 
reason. With sales exceeding $1.5 

{ billion, our more than 8000 products 
include amateur, professional and 
industrial still and movie cameras, 
projectors, lab equipment, film and 
chemicals. 


We want your business, we intend to 
earn it...and we want you to know 
it. Our products are state-cf-the-art 
and of the highest quality and reli- 
ability... there are none better. 


Our technical representatives have 
the experience to help yowget opti- 
mum results from our films chemicals 
and equipment and tc acheve maxi- 
mum efficiency and economy from 
your operations... there are none 
better. 


So you might be tougn, and you 

have every right to be. But so are we. 
And as you get to know us better... 
you'll learn that our reasons are pretty 
much the same as yours. Only the 
best, where Human Life is concerned. 


We are a leading producer of products 
for the graphic arts and office and 
microfilm reproduction systems. We 
are a major source for audio and 
video magnetic recording tape, so it is 
not surprising that we are also one of 
the world’s largest manufacturers of 
polyester film. 


Leadership in Radiography 


Agfa-Gevaert is also one of the world’s 
leaders in industrial and medical 

E radiography and one of its first. Since Third Major Supplier 
1929, we have been innovators in 
X-ray image technology, producing 
medical X-ray films with increased 
processing speeds and fine grain, 
high resolution emulsions, among 
others. There are also special films for 
mammography, photofluorography, 
cineradiography and tomography. AGFA-GEVAERT REX, INC. is our 

new sales and service subsidiary 

for Radiographic and Electronic X-ray 

Systems. Together we offer almost 

50 years of experience in X-ray film 

technology and world-wide service. 


Why not contact us today. .we 
have a lot in common. 





We've been around for quite some 
time and our customer list is im- 
pressive, yet there may be some 

who still think there are only two 
major U.S. suppliers of radiographic 
products. We aim to change that now! 


Our unique Medichrome Color X-ray 
Film features a blue X-ray image, rich 
in diagnostic detail over an extra- 
ordinarily wide exposure range...and 
it's virtual'y grain-free. An important 





feature in this age of rare earth, high What this means to you is that now 
speed intensifying screens. there is truly a “third” major supplier 
i in the U.S. 


AGFA-GEVAERT REX INC. 


Radiographic & Electronic X-Ray Systems 


A SUBSIDIARY OF AGFA-GEVAERT,. INC 


925 WESTCHESTER AVENUE, WHITE PLAINS, NEW YORK 10604 / 914-682-5650 
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was a1%incidence of complications due 
to the contrast agent (cardiac arrest in 3 
and ventricular fibrillation in 5 cases) and a 
4% incidence of cardiac complications due 
to catheterization in this series of patients* 


*Gensini GG Kelly AE Reassessment of contrast agent lor coronar 
ynaqioaraphy Current Therapeutic Research 19 631-636 1976 
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RENOGRAFIN®-76 
Diatrizoate Meglumine and Diatrizoate Sodium Injection USP 


Renografin-76 (Diatrizoate Meglumine and Diatrizoate Sodium njection 
USP) is supplied as a sterile, aqueous solution providing 66% dRtrizoate 
meglumine and 10% diatrizoate sodium with 0.32% sodium citrate as a buffer 
and 0.04% edetate disodium as a sequestering agent. The solution contains 
approximately 37% (370 mg/ml) bound iodine and approximately 4.48 mg 
(0.19 mEq) sodium per ml (89.6 mg /20 mi). 


CONTRAINDICATIONS: In patients with a hypersensitivity to salts of diatri- 
zoic acid. Urography contraindicated in patients with anuria. 


WARNINGS: A definite risk exists in the use of intravascular contrast 
agents in patients with multiple myeloma. There has been anuria with 
progressive uremia, renal failure and death. This risk of the procedure in 
these patients is not a contraindication; however, partial dehydration in 
preparation for study is not recommended since it may predispose to 
precipitation of myeloma protein in renal tubules. No therapy, including 
dialysis, has been successful in reversing this effect. Myeloma should 
be considered in persons over 40 before intravascular administration of 
a contrast agent. 

In cases of known or suspected pheochromocytoma, if the physician feels 
that the possible benefits outweigh the considered risks, radiopaque materi- 
als should be administered with extreme caution: however, an absolute min- 
imum of material should be injected, the blood pressure should be assessed 
throughout the procedure, and measures for treating a hypertensive crisis 
should be available. 

Contrast media may promote sickling in homozygous individuals when 
injected I.V. or intra-arterially. Although a history of sensitivity to iodine per se 
or to other contrast media is not an absolute contraindication, administration 
of diatrizoate requires extreme caution in such cases. Perform thyroid func- 
tion tests prior to administration of this preparation since iodine-containing 
contrast agents may alter the test results. 

Weigh the inherent risks against necessity for performing angiocardi- 
ography in cyanotic infants and patients with chronic pulmonary emphy- 
sema. In pediatric angiocardiography, a dose of 10 to 20 ml may be particu- 
larly hazardous in infants weighing less than 7 kg; this risk is probably 
significantly increased if these infants have pre-existing right heart ‘‘strain,"’ 
right heart failure, and effectively decreased or obliterated pulmonary vascu- 
lar beds. Perform urography with extreme caution in persons with severe 
concomitant hepatic and renal disease. Perform selective coronary arteri- 
ography only in selected patients and those in whom expected benefits out- 
weigh the procedural risk. Perform selective visceral arteriography with 
extreme caution in presence of severe generalized atherosclerosis, specifi- 
cally with plaques or aneurysms at level of iliac or femoral arteries. 


PRECAUTIONS: Diagnostic procedures involving use of contrast agents 
should be performed under the direction of personnel with prerequisite train- 
ing and a thorough knowledge of the particular procedure (see ADVERSE 
REACTIONS). Severe life-threatening reactions suggest hypersensitivity to 
the contrast agent. A personal or family history of asthma or allergy or a 
history of a previous reaction to a contrast agent warrants special attention 
and may predict more accurately than pretesting the likelihood of a reaction 
although not the type nor severity of the reaction in the individual. The value 
of any pretest is questionable. The pretest most performed is the slow I.V. 
injection of 0.5 to 1.0 ml of the preparation prior to injection of the full dose: 
however, the absence of a reaction to the test dose does not preclude the 
possibility of reaction to the full diagnostic dose. Should the test dose pro- 
duce an untoward response, the necessity for continuing the examination 
should be carefully re-evaluated: if deemed essential, examination should 
proceed with all possible caution. In rare instances, reaction to the test dose 
may be extremely severe; therefore, close observation and facilities for emer- 
gency treatment appear indicated. 

Renal toxicity has been reported in a few patients with liver dysfunction 
who were given oral cholecystographic agents followed by urographic 
agents; therefore, if known or suspected hepatic or biliary disorder exists, 
administration of Renografin-76 (Diatrizoate Meglumine and Diatrizoate So- 
dium Injection USP) should be postponed following the ingestion of chole- 
cystographic agents. Use cautiously in severely debilitated patients and in 
those with marked hypertension. Bear in mind the possibility of thrombosis 
when using percutaneous techniques. Consider the functional ability of the 
kidneys before injecting the contrast agent. Since contrast agents may inter- 
fere with some chemical determinations made on urine specimens, collect 
urine before or two or more days after administration of the contrast agent. 

In excretion urography, adequate visualization may be difficult or impos- 
sible in uremic patients or others with severely impaired renal function (see 
CONTRAINDICATIONS). In aortography repeated intra-aortic injections may 
be hazardous; this also applies to pediatric angiocardiography particularly in 
infants weighing less than 7 kg (see WARNINGS). In peripheral arteri- 
ography, hypotension or moderate decreases in blood pressure seem to 
occur frequently with intra-arterial (brachial) injections; this is transient and 
usually requires no treatment. Monitor blood pressure during the immediate 
10 minutes after injection. It is recommended that selective coronary arteri- 





ography not be performed for about 4 weeks after diagnosis of myocardial 
infarction; mandatory prerequisites to this procedure are experienced per- 
sonnel, ECG monitoring apparatus, and adequate facilities for immediate 
resuscitation and cardioversion. 

Usage in Pregnancy: Use Renografin-76 (Diatrizoate Meglumine and Diatri- 
zoate Sodium Injection USP) in pregnant patients only when the physician 
deems its use essential to the welfare of the patient since safe use during 
pregnancy has not been established. 


ADVERSE REACTIONS: Adverse reactions accompanying intravascular 
use of iodine-containing contrast agents are usually mild and transient al- 
though severe and life-threatening reactions (including fatalities) have oc- 
curred. Because severe reactions to the procedure and/or to the contrast 
agent are possible, appropriate emergency facilities and well-trained person- 
nel should be available and should remain available for 30 to 60 minutes 
following the procedure to treat the reaction since severe delayed reactions 
have been known to occur. 

Nausea, vomiting, flushing, or a generalized feeling of warmth are the 
reactions seen most frequently with intravascular injection. Symptoms which 
may occur are Chills, fever, sweating, headache, dizziness, pallor, weakness. 
severe retching and choking, wheezing, a rise or fall in blood pressure, facial 
or conjunctival petechiae, urticaria, pruritus, rash and other eruptions, 
edema, cramps, tremors, itching, sneezing, lacrimation, etc. Antihistaminic 
agents may be of benefit; rarely, such reactions may be severe enough to 
require discontinuation of dosage. There have been a few reports of a burn- 
ing or stinging sensation or numbness, of venospasm or venous pain, and of 
partial collapse of the injected vein. Neutropenia or thrombophlebitis may 
occur. Severe reactions which may require emergency measures are a pos- 
sibility and include cardiovascular reaction characterized by peripheral 
vasodilatation with hypotension and reflex tachycardia, dyspnea, agitation, 
confusion, and cyanosis progressing to unconsciousness. An allergic-like 
reaction ranging from rhinitis or angioneurotic edema to laryngeal or bron- 
chial spasm or anaphylactoid shock may occur. Temporary renal shutdown 
or other nephropathy may occur. 

Adverse reactions as a consequence of excretion urography include car- 
diac arrest, ventricular fibrillation, anaphylaxis with severe asthmatic reac- 
tion, and flushing due to generalized vasodilatation. Risks of aortography 
procedures include injury to aorta and neighboring organs, pleural puncture, 
renal damage (including infarction and acute tubular necrosis with Oliguria 
and anuria), accidental selective filling of right renal artery during trans- 
lumbar procedure in presence of pre-existent renal disease, retroperitoneal 
hemorrhage from translumbar approach, spinal cord injury and pathology 
associated with syndrome of transverse myelitis, generalized petechiae, and 
death following hypotension, arrhythmia, and anaphylactoid reactions. In 
pediatric angiocardiography, arrhythmia and death have occurred. During 
peripheral arteriography, hemorrhage from puncture site, thrombosis of the 
vessel, and brachial plexus palsy (following axillary artery injection) have 
occurred. During selective coronary arteriography and selective coronary 
arteriography combined with left ventriculography, transient ECG changes 
(most patients); transient arrhythmias (infrequent); ventricular fibrillation 
(from manipulation of catheter or administration of medium); hypotension; 
chest pain; myocardial infarction; transient elevation of creatinine phos- 
phokinase (occurred in about 30% of patients tested); fatalities have been 
reported. Complications due to the procedure include hemorrhage, throm- 
bosis, pseudoaneurysms at puncture site, dislodgment of arteriosclerotic 
plaques; dissection of coronary vessels and transient sinus arrest have oc- 
curred rarely. Adverse reactions in selective renal arteriography include nau- 
sea, vomiting, hypotension, hypertension, and post-arteriographic transient 
elevations in BUN, serum creatinine and glucose. Complications of selective 
visceral arteriography include hematomas, thrombosis. pseudoaneurysms at 
injection site, dislodgment of arteriosclerotic plaques; other reactions may 
include urticaria, hypotension, hypertension, and insignificant changes in 
renal function and liver chemistry tests. 

For full prescribing information, consult package insert. 


HOW SUPPLIED: Available in 20 mi and 50 ml single-dose vials and in 100 


ml and 200 ml single-dose bottles. ©1977 E. R. Squibb & Sons, Inc. H627-503 


SQUIBB: 


E.R. Squibb & Sons. Inc. 
P.O. Box 4000 Princeton. N.J. 08540 


o.%. 


RAARUMLN 


with excellent patient tolerance 


Pre-infusion 0O min. 22 min. 
0.0 mg% 115 mg% 


70 min. 
63 mg% 
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Now available for contrast enhancement 





CONR AY-30 = 
(iothalamate 
meglumine 


injection U.S.P. 30%) 


DESCRIPTION 


CONRAY-30 is a sterile aqueous solution intended for intravenous admin- 
istration as a diagnostic radiopaque medium. CONRAY-30 contains 30% w/v 
of the meglumine salt of iothalamic acid. lothalamic acid is 5-acetamido-2.4.6- 
triiodo-N-methylisophthalamic acid. 

Each milliliter contains 300 mg of iothalamate meglumine, 0.110 mg 
edetate calcium disodium as a stabilizer and 0.125 mg sodium biphosphate 
as a buffer The solution contains approximately 0.04 mg sodium in each milli- 
liter (12 mg/300 ml), and provides 141 mg/ml organically bound iodine (42.3 
gm/300 ml). CONRAY-30 has an osmolarity of approximately 750 mOsm per 
liter (0.75 mOsm/ml) and is therefore hypertonic under conditions of use. 
The viscosity (cps) is approximately 2 at 25°C and 1.5 at 37°C. 

CONRAY-30 is a clear solution containing no undissolved solid Crystalliza- 
tion does not occur at normal room temperatures 

CONRAY-30 is supplied in containers from which the air has been dis- 
placed by nitrogen 


CLINICAL PHARMACOLOGY 


Following intravenous administration, CONRAY-30 is rapidly transported 
through the circulatory system to the kidneys and is excreted unchanged in 
the urine by glomerular filtration. 

Following drip infusion of CONRAY-30, the upper and lower urinary tract 
is opacified. Renal accumulation is sufficiently rapid that optimal opacification 
of the kidney normally occurs by the time the infusion is completed. In patients 
with impaired renal function, diagnostic opacification frequently is achieved 
only after prolonged periods. 

When used for contrast enhancement in computed tomographic brain 
scanning, the degree of enhancement is directly related to the amount of iodine 
administered. Rapid infusion of the entire dose amount yields peak blood 
iodine concentrations immediately following the infusion, which fall rapidly 
over the next five to ten minutes. This can be accounted for by the dilution in 
the vascular and extracellular fluid compartments which causes an initial sharp 
fallin plasma concentration. Equilibration with the extracellular compartments 
is reached by about ten minutes: thereafter. the fall becomes exponential. 
With respect to tumors, maximum contrast enhancement frequently occurs 
at a time following peak blood iodine concentration. This delay in maximum 
contrast enhancement can range from five to forty minutes, depending on the 
peak iodine levels achieved and the cell type of the tumor. This lag suggests 
that the contrast enhancement of the image is at least in part dependent on 
the accumulation of iodine within the lesion and outside the blood pool, al- 
though the mechanism by which this occurs is not clear. The image enhance- 
ment of non-tumoral lesions, such as arteriovenous malformations and aneu- 
rysms, is probably dependent on the iodine content of the circulating blood 
pool. Studies indicate that equilibrated blood iodine levels of 100 mg% are 
required in most cases to achieve adequate contrast enhancement. This can 
be accomplished by the rapid infusion of approximately 30 to 40 grams of 
iodine (200 to 300 ml of CONRAY-30). 


INDICATIONS 


e CONRAY-30 is indicated for use in intravenous infusion urography. It is 
also indicated for contrast enhancement of computed tomographic brain 
images. 





CONTRAINDICATIONS 


This preparation is contraindicated in patients with a known hypersensitivity 
to salts of iothalamic acid and in patients with anuria. 


WARNINGS 


Serious or fatal reactions have been associated with the administration of 
iodine-containing radiopaque media. It is of utmost importance to be completely 
prepared with the appropriate personnel, equipment and drugs, plus a pre- 
arranged plan of action to treat any contrast medium reaction. 

A definite risk exists in the use of intravascular contrast agents in patients 


who are known to have multiple myeloma. In such instances, there has been 
anuria resulting in progressive uremia, renal failure and eventually death. 
Although neither the contrast agent nor dehydration has separately proved 
to be the cause of anuria in myeloma, it has been speculated that the com- 
bination of both may be causative factors. The risk in myelomatous patients 
is not a contraindication to the procedure; however, partial dehydration in the 
preparation of these patients for the examination is not recommended since 
this may predispose to precipitation of myeloma protein in the renal tubules. 
No form of therapy, including dialysis. has been successful in reversing the 
effect. Myeloma, which occurs most commonly in persons over 40, should be 
considered before instituting intravascular administration of contrast agents 

Administration of radiopaque materials to patients known or suspected 
to have pheochromocytoma should be performed with extreme caution. If. in 
the opinion of the physician,the possible benefits of such procedures outweigh 
the considered risks, the procedures may be performed; however. the amount 
of radiopaque medium injected should be kept to an absolute minimum. The 
blood pressure should be assessed throughout the procedure, and measures 
for treatment of a hypertensive crisis should be available. 

Contrast media have been shown to promote the phenomenon of sickling 
in individuals who are homozygous for sickle cell disease when the material 
is injected intravenously or intra-arterially. 

It has been reported that in low-density lesions false negative results may 
be produced following contrast media administration. i.e.. contrast media may 
obscure low-density lesions. Steps should be taken to insure that patients 
undergoing computed tomography have received no injections of water-sol- 
uble contrast media at least 24 hours prior to examination 


PRECAUTIONS 


All procedures utilizing contrast media carry a definite risk of producing 
adverse reactions. While most reactions may be minor, life-threatening and 
fatal reactions may occur without warning. The risk-benefit factor should al- 
ways be carefully evaluated before such a procedure is undertaken. At all 
times a fully equipped emergency cart, or equivalent supplies and equipment, 
and personnel competent in recognizing and treating adverse reactions of all 
severity, or situations which may arise as a result of the procedure, should 
be immediately available. Since severe delayed reactions have been known 
to occur, emergency facilities and competent personnel should be available 
for at least 30 to 60 minutes after administration. 

Diagnostic procedures which involve the use of iodinated intravenous 
contrast agents should be carried out under the direction of personnel skilled 
and experienced in the particular procedure to be performed 

The possibility of an idiosyncratic reaction in patients who have previously 
received a contrast medium without ill effect should always be considered. 
Prior to the injection of any contrast medium, the patient should be questioned 
to obtain a medical history with emphasis on allergy and hypersensitivity. A 
positive history of bronchial asthma or allergy, a family history of allergy, or a 
previous reaction or hypersensitivity to a contrast agent may imply a greater 
than usual risk. Such a history, by suggesting histamine sensitivity and con- 
sequently proneness to reactions, may be more accurate than pretesting in 
predicting the potential for reaction, although not necessarily the severity or 
type of reaction in the individual case. A positive history of this type does not 
arbitrarily contraindicate the use of a contrast agent, when a diagnostic 
procedure is thought essential, but does call for caution. Premedication with 
antihistamines to avoid or minimize possible allergic reactions in such patients 
should be considered. 

In order to screen patients for allergy potential, various pre-testing 
procedures have been developed:however. scientific literature reports 
indicate that none of these provocative test procedures can be relied upon 
to predict severe or fatal reactions. The pre-test most often performed is the 
slow intravenous injection of 0.5 to 1.0 ml of the radiopaque medium prior to 
the injection of the full dose. The absence of a reaction to the test dose does 
not preclude the possibility of a reaction to the full dose. In some instances, 
reactions to the test dose itself may be extremely severe; therefore, close 
observation of the patient and facilities for emergency treatment are indicated 


In patients with advanced renal disease, iodinated contrast media should 
be used with caution and only when the need for the examination dictates 
since excretion of the medium may be impaired. Patients with combined renal 
and hepatic disease present an additional risk, and alterations in renal and 
hepatic tests have been noted in some instances following intravenous in- 
fusion urography in this class patient. Patients with severe hypertension pre- 
sent an additional risk and the increased osmotic load associated with infusion 
procedures should be considered in patients with congestive heart failure 

lodine-containing contrast agents may alter the results of thyroid function 
tests which depend on iodine estimation, e.g., PBI and radioactive iodine up- 
take studies. Such tests, if indicated, should be performed prior to the admini- 
stration of this preparation. 

Use in Pregnancy: Reproduction studies with various concentrations of 
iothalamate sodium, iothalamate meglumine or a combination of both have 


— 


- of computed tomogra 
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been performed in mice, rats, and rabbits, and have revealed no evidence of 
impaired fertility or harm to the fetus. 

There are no well controlled studies in pregnant women, but marketing 
experience does notinclude any positive evidence of adverse effects on the 
fetus. Although there is no clearly defined risk, such experience cannot ex- 
clude the possibility of infrequent or subtle damage to the fetus. CONRAY-30 
should be used in pregnant women only when clearly needed. 

Nursing Mothers: It is not known whether this drug is excreted in human 
milk. As a general rule, nursing should not be undertaken or continued follow- 
ing administration of this drug since many drugs are excreted in human milk. 

Use in Children. Safety and effectiveness of CONRAY-30 for infusion 
urography have not been established in children under 12 years of age. 


ADVERSE REACTIONS 


Adverse reactions accompanying the use of iodine-containing intravas- 
cular contrast agents are usually mild and transient although severe and life- 
threatening reactions, including fatalities, have occurred. Because of the pos- 
sibility of severe reactions to both the procedure and the radiopaque medium, 
appropriate emergency facilities and well trained personnel should be avail- 
able to treat both types. These emergency facilities and personnel should re- 
main available for 30-60 minutes following the procedure since severe de- 
layed reactions have been reported. 

The following adverse reactions have been observed in conjunction with 
the use of iodine-containing intravascular contrast agents. 

The most frequent adverse reactions are nausea, vomiting, facial flush 
and a feeling of body warmth. These are usually of brief duration. Other re- 
actions include the following: 

Allergic-type reactions: Dermal manifestations of urticaria with or without 
pruritus, erythema and maculopapular rash. Dry mouth. Sweating. Conjunctival 
symptoms. Facial, peripheral and angioneurotic edema. Symptoms relating 
to the respiratory system include sneezing, nasal stuffiness, coughing, chok- 
ing, dyspnea, chest tightness, and wheezing, which may be initial manifes- 
tations of more severe and infrequent reactions including asthmatic attack, 
laryngospasm and beonchospasm with or without edema, pulmonary edema, 
apnea and cyanosis Rarely, these allergic-type reactions can progress into 
anaphylaxis with loss of consciousness and coma and severe cardiovascular 
disturbances 

Cardiovascular reactions: Generalized vasodilation. flushing and veno- 
spasm. Occasionally. thrombosis or, rarely, thrombophlebitis. Red blood cell 
clumping and agglutination, crenation, and interference in clot formation 
Severe cardiosvascular responses include rare cases of hypotensive shock, 
coronary insufficieney. cardiac arrhythmia, fibrillation and arrest. These severe 
reactions are usually reversible with prompt and appropriate management, 
however, fatalities have occurred. 

Technique reactions: Extravasation with burning pain, hematomas and 
ecchymosis. paresthesia or numbness, vascular constriction due to injection 
rate, thrombosis ancthrombophlebitis. 

Other reactions: Headache, trembling, shaking, chills without fever, and 
lightheadedness. Temporary renal shutdown or other nephropathy 


DOSAGE AND 
ADMINISTRATION 


INTRAVENOUS INFUSION UROGRAPHY-— Intravenous infusion urog- 
raphy enhances the potential for more diagnostic information in those patients 
in whom the usual imtravenous pyelography technique has not provided satis- 
factory visualization or in those patients in whom there is reason to believe 
the usual intravenous pyelography techniques will not provide satisfactory 
visualization. If renal function is not seriously impaired, the infusion urography 
technique usually provides satisfactory visualization of an unobstructed urinary 
tract. including nephrogram and cystogram. Additional advantages are the lack 
of necessity for dehydration of the patient and compression techniques. The 
need for nephrography. cystography. or retrograde pyelography should be 
determined by the doctor attending the patient. 

Patient Preparation: For urographic study, appropriate preparation of the 
patient is important for optimal visualization. Alow residue diet is recommended 
on the day preceding the examination. Dehydration is not indicated for the 
performance of infusion urography. Patients should be maintained in an opti- 
mal state of hydraticn prior to the procedure. Unless contraindicated, a laxative 
may be given the evening before examination. 

A preliminary radiograph usually is made prior to infusion of the contrast 
agent. 

Dosage Administration: It is advisable that CONRAY-30 be at or close to 
body temperature when infused. 

The recommended adult dose is 200-300 ml of CONRAY-30 (4 ml/kg with 
a maximum of 300 ml) 

Safety and effectiveness for infusion urography in children below the 
age of 12 have not been established. 





ic brain images. 


The solution is injected through an appropriate |.V. needle at a rate of 
approximately 50 ml per minute. Any appropriate intravenous administration 
set may be used observing the usual precautions for maintaining sterility and 
safety in administration. Films are usually taken at 5-minute intervals following 
the nitiation of the infusion for a total of 20 minutes 

in patients with impaired renal function, diagnostic opacification frequently 
is achieved only after prolonged periods. In these individuals, periodic films 
obtained up to 24 hours after infusion might yield useful information. Special 
procedures such as nephrotomography and cystography are best accom- 
plished within 30 minutes of the conclusion of the infusion. 


CONTRAST ENHANCEMENT OF COMPUTED 
TOMOGRAPHIC (CT) BRAIN IMAGING 


Tumors: CONRAY-30 may be useful to enhance the demonstration of the 
presence and extent of certain malignancies such as: gliomas mcluding malig- 
nant gliomas. glioblastomas, astrocytomas, oligodencrogliomas and gang- 
llionras; ependyomas; medulloblastomas; meningiomas; neuromas; pinealomas; 
pituitary adenomas; craniopharyngiomas; germinomas; and metastatic lesions. 

The usefulness of contrast enhancement for the investigation of the retro- 
bulbar space and in cases of low grade or infiltrative glioma has not 
been demonstrated. 

Maximum contrast enhancement frequently occurs at a time following 
peak blood iodine concentration. This delay in maximum contrast enhance- 
ment can range from five to forty minutes, depending on the peak iodine con- 
centration achieved (total dose and rate of administration) and the cell type 
of the tumor 

In cases where lesions have calcified, there is less ikelihood of enhance- 
ment. Following therapy, tumors may show decreased or ne enhancement. 


Non-Neoplastic Conditions: The use of Conray-3C may be beneficial in 
the image enhancement of non-neoplastic lesions. Cerebral infarctions of 
recent onset may be better visualized with the contrast enhancement. while 
some infarctions are obscured if contrast media are used. The use of CONRAY- 
30 wsulted in contrast enhancement in 60% of cerebral infarctions studied 
from ene week to four weeks from the onset of symptoms 

Sites of active infection may also be enhanced follcwing contrast medium 
administration. 

Arteriovenous malformations and aneurysms will show contrast enhance- 
ment. In the case of these vascular lesions, the enhancement is probably 
dependent on the iodine content of the circulating blooc pool. 

Hematomas and intraparenchymal bleeders selcom demonstrate any 
contrast enhancement. However, in cases of intraparenchymal clot, for which 
thesesis no obvious clinical explanation, contrast medium administration may 
be helpful imruling out the possibility of associated arteriovenous malformation. 

The opacification of the inferior vermis following contrast medium ad- 
miristration has resulted in false positive diagnoses in a number of normal 
studies. 


Patient Preparation: No special patient preparation is required for con- 
trast enhancement of CT brain scanning. However, it is advisable to insure 
that patients are well hydrated prior to examination 


Dosage Administration: It is advisable that CONRAY-30 be at or close to 
body temperature when infused 

The recommended adult dose is 200-300 ml of CONRAY-30. For children 
under 12 years of age and patients weighing less than 100 pounds, a dose of 
4 mi/kg (2 ml/Ib ) is recommended. The dose should be infused as rapidly as 
possible through any well-vented intravenous adminis ration set and needle, 
observing the usual precautions for maintaining sterility 


STORAGE 


Store below 30°C (86°F) and do not freeze. This preparation is sensitive 
to light and must be protected from strong daylight or direct exposure to the 
sun 


HOW SUPPLIED 


CONRAY-30 is available in 300 ml infusion bottles e 


US, Pat. 3,145,197 
Patented in Canada 1966 


Mallinckrodt, Inc. 
St. Louis, Missouri 63134 


- Mallinckrodt 
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Scan without contrast 
medium shows a faint 
area of decreased 
density (arrow) in the 
medial aspect of the 
right occipital lobe with 


no accompanying mass 
effect. 





Use of this contrast 


medium tO enhance CT —More specifically defines nature, size and 
brain scans “revealed 


behavior of wide variety of lesions visualized 


on plain CT scans. 
both an increased —Aids in detection of aneurysms, arteriovenous 
detectability and an 


malformations, sites of active infection. and 


i 4 in diagnosis of other intracranial pathology. ; 
Improved pathologic 


à A x —Rules out the presence of tumor in suspicious 
differentiation areas which may otherwise not have been 

. 99 ok 
of many lesions. 


satisfactorily visualized. 


—Identifies lesions not seen on plain CT scans. 


Davis KR: Massachusetts General Hospital, Boston, 
MA. Personal communication. 
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After administration of 
contrast medium, the 
lesion enhances well, 
demonstrating a 
posterior cerebral artery 
distribution infarct. 


Reno-M-DIP 


Diatrizoate Meglumine Injection USP 30% 
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See next page for brief summary. 


Reno-M-DIP 


Diatrizoate Meglumine 
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for enhanced 
CT scanning 
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The leader in 
radiologic 
diagnostics W» 


Reno-M-DIP(Diatrizoate Meglumine Injection USP) for drip infusion 

provides a sterile, aqueous solution of 30% diatrizoate meglumine 

which contains approximately 14% (42.3 g per 300 ml) bound iodine 

and 0.04% edetate disodium (sequestering agent). The solution 

contains approximately 0.054 mg (0.002 mEq) sodium per ml 

(16.2 mg/300 ml). 

CONTRAINDICATIONS: Contraindicated in patients hypersensitive 

to salts of diatrizoic acid and in patients with anuria. 

WARNINGS: A definite risk exists in the use of I.V. contrast n 
agents in patients with multiple myeloma. There has been anuria 
with progressive uremia, renal failure and death. This risk of the 
procedure in these patients is not a contraindication; however, 
partial dehydration in preparation for study is not recommended 
since it may predispose to precipitation of myeloma protein in 
renal tubules. No therapy, including dialysis, has been successful 
in reversing this effect. Myeloma should be considered in persons 
over 40 before I.V. administration of a contrast agent. 

In cases of known or suspected pheochromocytoma, if the physician 
feels that the possible benefits outweigh the considered risks, 
radiopaque materials should be administered with extreme caution: 
however, an absolute minimum of material should be injected, the 
blood pressure should be assessed throughout the procedure, and 
measures for treating ahypertensive crisis should be available. 

Contrast media may promote sickling in homozygous individuals 
when injected I.V. or intra-arterially. Use diatrizoate meglumine with 
extreme Caution in persons with severe concomitant hepatic and 
renal disease. Perform thyroid function tests prior to administration of 
diatrizoate meglumine since iodine-containing contrast agents may 
alter the test results. Although a history of sensitivity to iodine per se or 
to other contrast media is not an absolute contraindication, 
administration of diatrizoate meglumine requires extreme caution in 
such cases. 

PRECAUTIONS: Diagnostic procedures involving use of contrast 
agents should be performed under the direction of personnel with 
prerequisite training and a thorough knowledge of the particular 
procedure (see ADVERSE REACTIONS). Severe life-threatening j 
reactions suggest hypersensitivity to the contrast agent. A personal or 

family history of asthma or allergy or a history of a previous reaction to 

a contrast agent warrants special attention and may predict more 

accurately than pretesting the likelihood of a reaction although not the 

type nor severity of the reaction in the individual. The value of any 

pretest is questionable. The pretest most performed is the slow I.V 

injection of 0.5 to 1.0 ml of the preparation prior to injection of the full 

dose; however, the absence of a reaction to the test dose does not 

preclude the possibility of reaction to the full diagnostic dose. Should 

the test dose produce an untoward response, the necessity for 

continuing the examination should be carefully re-evaluated; if 

deemed essential, examination should proceed with all possible 

caution. In rare instances, reaction to the test dose may be extremely 

severe; therefore, close observation and facilities for emergency 

treatment appear indicated. 

Do not exceed recommended rate of infusion. Renal toxicity has 
been reported in a few patients with liver dysfunction who were given 
oral cholecystographic agents followed by urographic agents; 
therefore, if known or suspected hepatic or biliary disorder exists, 
diagnostic infusion studies should be postponed following the recent 
ingestion of cholecystographic agents. The diuretic effect of the drip 
infusion procedure may hinder an assessment of residual urine in the 
bladder. Consider the functional ability of the kidneys before injecting 
diatrizoate meglumine. Adequate visualization may be difficult or 
impossible in uremic patients or others with severely impaired renal À 
function. Contrast agents may interfere with some chemical 
determinations made on urine specimens; therefore, collect urine 
before or two or more days after administration of the contrast medium 

Usage in Pregnancy: This preparation should be used in pregnant 
patients only when the physician deems its use essential to the welfare 
of the patient since safe use during pregnancy has not been 
established. 

ADVERSE REACTIONS: Adverse reactions accompanying I.V. use 
of iodine-containing contrast agents are usually mild and transient 
although severe and life-threatening reactions (including fatalities) 
have occurred. Because severe reactions to the procedure and/or to 
the contrast agent are possible, appropriate emergency facilities and 
well-trained personnel should be available and should remain 
available for 30 to 60 minutes following the procedure to treat the 
reaction since severe delayed reactions have been known to occur 

Reactions most frequently encountered with contrast agents by 
drip infusion are nausea and urticaria. Chills, metallic taste, vomiting, 
dizziness, a rise or fall in blood pressure, itching, flushing, or 
generalized feeling of warmth, sneezing, etc. may occur and, rarely 
may be severe enough to require discontinuation of dosage. Severe 
reactions which may require emergency measures include 
cardiovascular reaction characterized by peripheral vasodilatation 
with hypotension and reflex tachycardia, dyspnea, confusion, and 
cyanosis progressing to unconsciousness. An allergic-like reaction Q 
ranging from rhinitis or angioneurotic edema to laryngeal or bronchial X 
spasm or anaphylactoid shock may occur. Temporary renal 
shutdown or other nephropathy may occur. Although local tissue 
tolerance to diatrizoate meglumine is usually good, I.V. injection of the 
medium in a more concentrated formulation has produced a few 
instances of a burning or stinging sensation and of venospasm or 
venous pain 

For full prescribing information, consult package insert 
HOW SUPPLIED: Available in single-dose bottles of 300 ml. 
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Signi icant 
Continuing Medical Education 
Programs 


for the Radiologist 


on Audio Cassette! 


Program 1: 
“Nuclear Medicine!” 
. with James L. Quinn, 3rd, M.D. 


and George P. Backer, M.D. 
5, one-hour Audio Cassettes 


ONLY $35.00! 


Program 2: 
“New Developments in 
Nuclear Medicine!” 
...a supplement to the above program. 
With James L. Quinn, 3rd, M.D. 


and George P. Backer, M.D. 
4, one-hour Audio Cassettes 


ONLY $28.00! 





Program 3: Program 5: 
“Gastrointestinal Radiology” “Computers in Medicine!” 
... with Roscoe E. Miller, M.D. ... with Laurens Ackerman, M.D., Ph.D. 
and George P. Backer, M.D. and Daniel K. Harris. 
6, one-hour Audio Cassettes 6. one-hour Audio Cassettes 
ONLY $42.00! ONLY $42.00! 
Program 4: 


“Neuroradiology!” 


.. with Michael S. Huckman, M.D 
and George P. Backer, M.D. 
6, one-hour Audio Cassettes 


ONLY $42.00! 


the institute of continuing education 
Sawyer, Michigan 49125 - Phone: 616-426-3433 


Please bill me for the following program(s) when shipped: 
10 per cent discount 1 2 3 4 5 
on all orders 
over $100.00! 10 per cent discount on ord-rs over $100.00 


All orders shipped same day received, postpaid 
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Searle's large field of view scintillation 
camera, in its standard configuration, 
is the only instrument of its type which 
allows you to set window width and 
energy level on 3 independent analyz- 
ers for unique isotopes and special 
Studies...the only one which lets you 
take full advantage of the diagnostic 
potential in multi-peak nuclides such 
as Gallium 67. This is a great advan- 
tage in soft tissue studies where high 
sensitivity and superior resolution are 
vital. 


LARGE SELECTION OF COLLIMATORS 

To sharpen your images even more, the 
Pho/Gamma LFOV offers a large as- 
sortment of converging and parallel 
hole collimators designed and de- 
veloped by Searle Radiographics. 
There is a significant improvement in 
the resolution of deep-seated struc- 
tures with converging collimation. In 
renal studies, for example, the images 





possess such Clarity that it is possible 
to obtain even oblique views of diag- 
nostic quality. Converging collimation 
also brings enhanced sensitivity to the 
imaging of small organs. 


The large field of view with parallel hole 
collimation can simultaneously image 
both kidneys or both lungs. Thus, where 
a standard field of view camera re- 
quires 2 studies, the Pho/Gamma LFOV 
routinely does the job with only one. 


EASE OF OPERATION 

The Pho/Gamma LFOV has eleven fac- 
tory pre-set isotope windows for opera- 
tor convenience. Automatic peaking 
assures remarkable reproducibility 
from study to study and from day to day. 


IMPROVED ELECTRONIC DESIGN 

New ratio correction circuitry allows 
wider window widths, shortens study 
times, reduces motion artifact and in- 
creases patient throughput. Other elec- 
tronic innovations include pulse-pair 
pile-up rejection and event buffering 
circuitry. As a result, the Pho/Gamma 
LFOV is capable of count rates up to 
200,000 cps, which is sufficient for 
even highly specialized techniques 
such as dynamic cardiac studies. 


The introduction of the Pho/Gamma 
LFOV in 1975 was a milestone in 
nuclear imaging. Since then, this ad- 
vanced instrument has earned a repu- 


IMAGING: 
The Living Art 


tation as the finest, most versatile scin- 
tillation camera you can buy. Today, 
clinicians rely on the Pho/Gamma 
LFOV for improved diagnostic clarity, 
shortened study times and greater pa- 
tient comfort in lung, brain, whole body 
bone, renal and abdominal (liver) 
blood flow studies. 


INSTRUMENTATION BACKED BY 
SUPERIOR SERVICE 

Searle Service is one of the largest, 
highly trained Service Organizations in 
the nation. This trained and knowl- 
edgeable group is dedicated to main- 
taining highest quality instrument per- 
formance in your laboratory. 


For more information about the 
Pho/Gamma LFOV system, including 
the unique Micro Dot™ Imager and 
Scintiscan™ Whole Body Table, call 
your Searle representative or write: 
Searle Radiographics, Inc., 2000 Nu- 
clear Drive, Des Plaines, IL 60078. 
Telephone: (312) 298-6600. 





SEARLE 


Searle Radiographics, Inc. 
Subsidiary of G. D. Searle & Co 
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*Data on file, Procter & Gamble 


DESCRIPTION: DIDRONEL (etidronate disc dium) is the 


disodium sa't of (1 Hydroxyethylidene) diphosphonic acid 


¢#NDICATIONS AND USAGE: DIDRONEL is indicated for 


itO 


tne treatment of Symptomatic Paget s disease of bone 





(osteitis deformans). Effectiveness has 
primarily in patients with polyostotic Paget's disease with 
symptoms of pain and with Clinically s nificant elevatior 





Of urinary hydroxyproline and serum alkaline phosphatase 
y y ) 


There is no evidence that the prophylactic use of 
DIDRONEL is beneficial in asymptomatic patients althouat 
treatment may be considered in exceptional circumstances 


n which there is extensive involvement of the Skull or the 
the 


d with > prospect of irreversible neurologic 
In these instances, treatment would be based 


nstrated effect of DIDRONEL or Pagetic bone 
t 


rather than on clinical studies in that patient population 


CONTRAINDICATIONS: At present. Clinical trials ha 


S 


Jam 





iaVe 
Jemonstrated no absolute contraindications to DIDRONE 


WARNINGS: The physician should adhere to the recon 


mended dose regimen in order t 


avoid overtreatment witt 





DIDRONEL (see Precautions and Adverse Reactions). The 
response to therapy may be of slow onset and may cor 
tinue even for months after treatment with the drug has 
been discontinued. Dosage should not be ir creased pre 


f 
b 
r 


maturely nor should treatment be resumed before there 
clear evidence of reactivation of the disease process 


been demonstrated 


Symptomatic Paget’s Disease of Bone. 


Until now, your findings helped identify 
over 90% of all diagnosed Paget’s patients.’ 


But limited treatment options 
discouraged therapy. 


Now, those findings can be 


the first step in the use of an 
effective new therapy. 
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New from Procter & Gamble 


200 MG TABLETS 


DIDRONEL 


E TIDRONATE DISOLIUM 


i The first oral agent 


that suppresses symptomatic 


Paget’s disease of bone 





enterocolitis because increased frequency of Dowel move- 
ments and diarrhea is seen in some patients when 
DIDRONEL is administered at a dose of 20 mg/kg/day and 
may be increased occasionally at lower doses 


2. Atay are There is no experience in pregnant women 
given DIDRONEL. DIDRONEL should be used only 

when clearly needed in women who are or may become 
pregnant 


3. Nursing Mothers: |t is not Known whether this drug is 
excreted in human milk. As a general rule, nursing should 
not be undertaken while the patient is on a drug since 
many drugs are excreted in human milk 


4. Pediatric Use: No data support the use of DIDRONEL 
in children 


ADVERSE REACTIONS: Increased or recurrent bone pain 
at existing Pagetic sites and/or the appearance of pain at 
sites previously asymptomatic has been reported. At the 
recommended dose (5 mg/kg/day) 1 out of 10 patients 
reported the phenomena: at higher doses the figure rose 
to 2 out of 10. In placebo-treated patients, the occurrence 
was 1 out of 15. In DIDRONEL-treated patients, the pain 
resolved while therapy was Continued in some patients but 
persisted for several months in others 


« Fractures are recognized as a common feature in patients 


< 





„Retards the disease 


„Relieves signs and symptoms 
in many patients 

„Promotes sustained 
posttherapy remission 


...Bone-specific 





when DIDRONEL is taken at a dose level o' 20 mg/kg/day 
in excess of 3 months. This nsk may be greater in patients 
with extensive and severe disease, a histor) of multiple 
fractures, and/or rapidly advancing osteolyc lesions. It is 
recommended that the drug be discontinued when frac- 
tures occur and that therapy not be reinstated until fracture 
healing is complete 

Gastrointestinal complaints such as diarrhea. loose bowel 
movement, and nausea are increased in-scme patients 
when DIDRONEL is administered at doses. greater than 

5 mg/kg/day. The incidence is about 1 Out 9f15 in both 
placebo-treated patients and in patients or DIDRONEL 

5 mg/kg/day. The incidence rises to approx mately 2 out of 
10 in patients treated with DIDRONEL at the dose of 20 mg 
kg/day 

DOSAGE AND ADMINISTRATION: Initial Treatment 
Guidelines: The recommended initial dosæcf DIDRONEL 
for most patients is 5 mg/kg/body weight/day, not to 
exceed a period of six months. Doses abe 10 mg/kg 
should be reserved for use when there is a overriding 
requirement for suppression of increased tone turnover 
associated with Paget's disease or when th=spatient re- 
quires more prompt reduction of elevated cardiac output 
Treatment with doses above 10 mg/kg/day »hould be 
approached Cautiously and should not exceed three 
months duration. Doses in excess of 20 mc kg/day are not 


pharmacologic action 


DIDRONEL should be administered as a single, oral dose, 
two hours before eating. It may be g ven with fruit juice or 
water. Food, particularly materials high in c cium con- 
tent such as milk, in the stomach or upper portions of the 
small intestine may reduce absorption. Therefore, eating 
should be avoided for two hours befere and after drug 
administration 


Serum phosphate elevations have been obs2rved when 
DIDRONEL is administered at daily doses 0° 10 mg/kg 
body weight/day or above and occasionally at 5 mg/kg/ 
day. This has not been found to be an mdicaticn for discon- 
tinuing therapy. 


Retreatment Guidelines: Retreatment showd be under- 
taken only after a drug-free period of at leas’ three months 
and after it is evident that reactivation of the disease has 
occurred. In no case should duration of retreatment exceed 
the maximum duration of the initial treatment 


How Supplied: DIDRONEL is supplied as arectangular 
white tablet containing 200 mg of etidronatedisodium 
The tablets are packaged in bottles of 250 


For additional information, 
write Procter & Gambie, 
Professional Services, 
P.O. Box 85507, 
Cincinnati, Ohio 45201, 
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A Product of 
Procter & Gamble 
Research 
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reason 
is clear 


proven diagnostic excellence and rapid visualization 
e Rapid concentration of relatively large quantity of medium 
permits thorough evaluation of urinary tract anatcmy. 
e Visualization of renal passages may begin as early as 9 minutes after injection. 


TM 





10 indications 


drip infusion pyelography operative, T-tube, and 
excretion urography (direct I.V.) percutaneous transhepatic 
peripheral arteriography cholangiograjhy 
* cerebral angiography arthrography 
venography discography 
splenoportography computed tomography (CT) of the brain 
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Diatrizoate Meglumine and ea 
Niatriznate Soditim IniectionU.S.P 22 Shimer. 














e 
SARER 
Jiatrizoate Meglumine and Diatrizoate Sodium Injection USP « 


Renografin-60 (Diatrizoate Meglumine and Diatrizoate Sodium Injection USP) is 
supplied as a sterile, aqueous solution providing 52% diatrizoate meglumine and 
8% diatrizoate sodium with 0.32% sodium citrate as a buffer and 0.04% edetate 
disodium as a sequestering agent. The solution contains approximately 29% (288 
mg/ml) bound iodine and approximately 3.76 mg (0.16 mEq) sodium per ml. 


CONTRAINDICATIONS: Contraindicated in persons hypersensitive to salts of 
diatrizoic acid. Urography is contraindicated in patients with anuria. A prothrom- 
bin time below 50% and evidence of coagulation defects are contraindications to 
percutaneous transhepatic cholangiography and splenoportography. When 
splenectomy is contraindicated, splenoportography should not be performed 
since complications of the procedure make splenectomy necessary at times. Sig- 
nificant thrombocytopenia and any condition which may increase the possibility 
of splenic rupture are other contraindications to splenoportography. Arthrogra- 
phy is contraindicated if infection is present in or near the joint. Discography is 
contraindicated if there is infection or open injury near the region to be examined. 


WARNINGS: A definite risk exists in the use of intravascular contrast agents 
in patients with multiple myeloma. There has been anuria with progressive 
uremia, renal failure and death. This risk of the procedure in these patients 
is not a contraindication; however, partial dehydration in preparation for 
study is not recommended since it may predispose to precipitation of mye- 
loma protein in renal tubules. No therapy, including dialysis, has been suc- 
cessful in reversing this effect. Myeloma should be considered in persons 
over 40 before intravascular administration of a contrast agent. 


In Cases of Known or suspected pheochromocytoma, if the physician feels that 
the possible benefits outweigh the considered risks, radiopaque materials should 
be administered with extreme caution; however, an absolute minimum of material 
should be injected, the blood pressure should be assessed throughout the proce- 
dure, and measures for treating a hypertensive crisis should be available. 

Contrast media may promote sickling in homozygous individuals when injected 
|.V. or intra-arterially. Although a history of sensitivity to iodine per se or to other 
contrast media is not an absolute contraindication, administration of diatrizoate 
requires extreme caution in such cases. Perform thyroid function tests prior to 
administration of this preparation since iodine-containing contrast agents may 
alter the test results. Avoid accidental introduction of this preparation into the 
Subarachnoid space since even small amounts may produce convulsions and 
possible fatal reactions. 

Perform cerebral angiography with special caution in extreme age, poor clini- 
cal condition, advanced arteriosclerosis, severe arterial hypertension, cardiac de- 
compensation, recent cerebral embolism, or thrombosis. Perform urography with 
extreme caution in persons with severe concomitant hepatic and renal disease. 


PRECAUTIONS: Diagnostic procedures involving use of contrast agents should 
be performed under the direction of personnel with prerequisite training and a 
thorough knowledge of the particular procedure (see ADVERSE REACTIONS). 
Severe life-threatening reactions Suggest hypersensitivity to the contrast agent. A 
personal or family history of asthma or allergy or a history of a previous reaction to 
a contrast agent warrants special attention and may predict more accurately than 
pretesting the likelihood of a reaction although not the type nor severity of the 
reaction in the individual. The value of any pretest is questionable. The pretest 
most performed is the slow I.V. injection of 0.5 to 1.0 ml of the preparation prior to 
injection of the full dose; however, the absence of a reaction to the test dose does 
not preclude the possibility of reaction to the full diagnostic dose. Should the test 
dose produce an untoward response, the necessity for continuing the exam- 
ination should be carefully re-evaluated: if deemed essential, examination should 
proceed with all possible caution. In rare instances, reaction to the test dose may 
be extremely severe; therefore, close observation and facilities for emergency 
treatment appear indicated. 

Renal toxicity has been reported in a few patients with liver dysfunction who 
were given oral cholecystographic agents followed by urographic agents; there- 
fore, if known or suspected hepatic or biliary disorder exists, administration of 
Renografin-60 (Diatrizoate Meglumine and Diatrizoate Sodium Injection USP) 
should be postponed following the ingestion of cholecystographic agents. Use 
Cautiously in severely debilitated patients and in those with marked hypertension. 
When percutaneous techniques are used, bear in mind the possibility of throm- 
bosis. Consider the functional ability of the kidneys before injecting the contrast 
agent. Since contrast agents may interfere with some chemical determinations 
made on urine specimens, collect urine before or two or more days after adminis- 
tration of the contrast agent. 

In peripheral arteriography, hypotension or moderate decreases in blood 
pressure seem to occur frequently with intra-arterial (brachial) injections; this is 
transient and usually requires no treatment: monitor blood pressure during the 
immediate 10 minutes after injection. In excretion urography, adequate vis- 
ualization may be difficult or impossible in uremic patients or others with severely 
impaired renal function (see CONTRAINDICAT IONS). Consider the increased os- 
motic load associated with drip infusion pyelography in presence of congestive 
heart failure. The diuretic effect of drip infusion pyelography may hinder assess- 
ment of residual urine in the bladder. Do not exceed recommended rate (40 ml / 
min) of infusion. In operative and T-tube cholangiography, inject the contrast 
agent slowly to prevent extravasation into peritoneal cavity and to minimize reflux 
flow into pancreatic duct which may result in pancreatic irritation. In percu- 
taneous transhepatic cholangiography, aspirate as much of the contrast agent 
as possible on completion of successful films to reduce possibility of bile leakage 
and consequent peritonitis; for 24 hours after the procedure carefully and con- 
Stantly monitor all patients for signs of internal hemorrhage or bile leakage; if these 
complications are recognized immediately, remedial measures can be instituted 
promptly with minimal increase in morbidity. Percutaneous transhepatic cholan- 
giography should be reserved for jaundiced patients who are not good can- 
didates for surgery when requisite information has not been Obtained with 


ordinary studies since the procedure is not without risks: attempt the procedure 
only when competent surgical intervention can be obtained promptly if needed. In 
splenoportography, manipulations which will prolong the time the needle is in 
the spleen should be avoided since this may contribute to postpuncture bleeding 
and subcapsular extravasation of the contrast agent. Following splenoportogra- 
phy, closely observe the patient for 24 hours for signs of internal bleeding; patient 
should lie on his left side for several hours. Leakage of up to 300 ml of blood from 
the spleen is apparently not uncommon: fatal hemorrhage has occurred rarely. 
Blood transfusions and, rarely, splenectomy may be required. In discography, 
postpone the procedure if an infection (including U.R.1. in cervical discography) 
or Open injury is present near the region to be examined to minimize possible 
introduction of infection. Disk infection has occurred after discography; therefore, 
care should be taken to preclude contamination and resultant disk infection. Con- 
tamination may be introduced into the disk if care is not taken to avoid puncturing 
the esophagus during cervical discography. If the needle becomes barbed by 
contact with bone (the two-needle technique helps reduce this hazard), rupture of 
the disk may occur; this is highly unlikely if the procedure is performed carefully. 


Usage in Pregnancy: This preparation should be used in pregnant patients only 
when the physician deems its use essential to the welfare of the patient since safe 
use during pregnancy has not been established. 


ADVERSE REACTIONS: Adverse reactions accompanying intravascular use of 
iodine-containing contrast agents are usually mild and transient although severe 
and life-threatening reactions (including fatalities) have occurred. Because severe 
reactions to the procedure and/or to the contrast agent are possible, appropriate 
emergency facilities and well-trained personnel should be available and should 
remain available for 30 to 60 minutes following the procedure to treat the reaction 
since severe delayed reactions have been known to occur. 

Nausea, vomiting, flushing, or a generalized feeling of warmth are the reactions 
seen most frequently with intravascular injection. Symptoms which may occur are 
chills, fever, sweating, headache, dizziness, pallor, weakness, severe retching 
and choking, wheezing, a rise or fall in blood pressure, facial or conjunctival 
petechiae, urticaria, pruritus, rash and other eruptions, edema, cramps, tremors, 
itching, sneezing, lacrimation, etc. Antihistaminic agents may be of benefit; rarely, 
such reactions may be severe enough to require discontinuation of dosage. Se- 
vere reactions which may require emergency measures are a possibility and in- 
clude cardiovascular reaction characterized by peripheral vasodilatation with 
hypotension and reflex tachycardia, dyspnea, agitation, confusion, and cyanosis 
progressing to unconsciousness. An allergic-like reaction ranging from rhinitis or 
angioneurotic edema to laryngeal or bronchial spasm or anaphylactoid shock 
may occur. Temporary renal shutdown or other nephropathy may occur. Tempo- 
rary neurologic effects of varying severity have occurred in a few instances partic- 
ularly in cerebral angiography. There have been a few reports of a burning or 
Stinging sensation or numbness, of venospasm or venous pain, and of partial 
collapse of the injected vein. Neutropenia or thrombophlebitis may occur. 

Adverse reactions as a consequence of excretion urography have included 
cardiac arrest, ventricular fibrillation, anaphylaxis with severe asthmatic reaction, 
and flushing due to generalized vasodilation. Cerebral angiography has caused 
temporary neurologic complications such as induction of seizures (particularly in 
patients with convulsive disorders), confusional states or drowsiness, transient 
paresis, coma, temporary disturbances in vision, or seventh nerve weakness. 
During peripheral arteriography, hemorrhage from puncture site, thrombosis of 
the vessel, and brachial plexus palsy (following axillary artery injection) have 
occurred. Complications (in an estimated 4 to 6% of cases) of percutaneous 
transhepatic cholangiography include bile leakage (more likely in presence of 
complete obstruction due to carcinoma) and biliary peritonitis, gallbladder perfo- 
ration, internal bleeding, septicemia due to gram-negative organisms, and tension 
pneumothorax from inadvertent puncture of diaphragm and lung. During spleno- 
portography, intraperitoneal extravasation of the medium may Cause transient 
diaphragmatic irritation or mild to moderate transient pain which may sometimes 
be referred to the shoulder, periumbilical region, or other areas; accidental pneu- 
mothorax (because of proximity of pleural cavity) may occur. Arthrography may 
induce joint pain or increase existing pain (usually immediate and transient but 
may be delayed or prolonged up to 24 hours) particularly with large doses and 
extravasation of medium into soft tissue Surrounding the joint. Lipid-like histio- 
cytes have been found in tissue removed following arthrography. The technique 
of discography may be painful particularly when disk pathology exists; pain on 
injection may also be related to volume of the dose: the nature of the disk pathol- 
ogy or extravasation of the medium may cause referred pain. 

Bear in mind the possibility of thrombosis or of other complications due to 
mechanical trauma when any percutaneous technique is used. 

For full prescribing information, consult package insert. 


HOW SUPPLIED: Available in 10, 30, and 50 mi single-dose vials and in 100 mi 
single-dose bottles. 


*1977E.R. Squibb & Sons, Inc. H657-506 
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CHARLES C THOMAS - PUBLISHER 


TEXTBOOK OF DENTAL RADIOGRAPHY (Rev. 2nd Ptg.) 
by Olaf E. Langland, Louisiana State Univ., New Orleans, and 
Francis H. Sippy, Univ. of Iowa, Iowa City. Techniques for 
producing dental radiographs of high diagnostic quality are 
provided in this handsomely illustrated text. X-ray production, 
requisites of a diagnostic radiograph, radiobiology and radia- 
tion hygiene, intra-oral and extra-oral projection techniques, 
processing procedures, panoramic radiography, and legal as- 
pects are discussed. A complete glossary and appendices on 
radiographic supplies and equipment are included. Oral 
Health called this book “. ... the best [this reviewer has] seen 
in the field of dental radiography.” ’78, 400 pp. (6 3/4 x 9 3/4), 
303 il., $18.75 


HOSPITAL SECURITY GUARD TRAINING MANUAL by 
John A. Wanat, New Jersey State Dept. of Education, Trenton; 
John F. Brown, St. Joseph’s Hospital and Medical Center, 
Paterson, New Jersey; and Lawrence C. Connin, Jersey City 
Fire Dept., Jersey City, New Jersey. This comprehensive 
manual can be used as a self-directed guide for the new hos- 
pital security officer, as a text in a formal training program, or 
as an on-the-job reference book. All aspects of hospital se- 
curity with which effective guard personnel must deal daily are 
explored. The techniques presented are easily adaptable to 
each hospital’s unique physical layout, size, population, and 
problems. '77, 192 pp., 38 il., $15.50 


UROLOGICAL RADIOLOGY OF THE ADULT MALE 
LOWER URINARY TRACT: Anatomy, Physiology, Pa- 
thology and Sequelae, Diagnosis and Management by R. W. 
McCallum and V. Colapinto, both of St. Michael’s Hospital, 
Toronto, Ontario, Canada. Radiological diagnostic criteria are 
provided for the preoperative and postoperative patient. The 
authors have indicated their procedural methods and operative 
results. Numerous radiological procedures are outlined de- 
scribing the examination of the lower urinary tract. Although 
primarily directed toward residents in radiology and urology, 
practitioners of these specialties will also find much useful 
information in this book. ’76, 376 pp. (6 3/4 x 9 3/4), 248 il., 2 
tables, $35.50 


ANATOMICO-ROENTGENOGRAPHIC STUDIES OF 
THE SPINE (3rd Ptg.) by Lee A. Hadley, Syracuse Memorial 
Hospital, Syracuse, New York. “The work is beautifully illus- 
trated with excellent roentgenograms and photographs. The 
volume is a tribute to a devoted investigator’s experience with 
the spine, accumulated over 30-odd years. His attempt to coor- 
dinate the roentgenographic image with the actual anatomical 
condition of the structure is successfully achieved.” Thus said 
the Journal of the American Medical Association in its review 
of this book. Chapters are included on development of the 
spine, vertebral arteries, posterior spinal articulations with 
innervation studies, spinal curvatures, infective spondylitis, 
and tumorous conditions. ’76, 560 pp. (6 3/4 x 9 3/4), 644 il., 
$19.75 


RADIONUCLIDE SCANNING IN CYANOTIC HEART 
DISEASE by Gary F. Gates, Univ. of California, Los Angeles. 
This monograph describes a unique application of nuclear 
medicine in the clinical management of children with cyanotic 
congenital heart disease. It carefully outlines how accurate 
calculation of right-to-left shunting can be achieved without 
cardiac catheterization. The procedure is described in detail. 
Steps used in performing the examination are fully described 
and possible pitfalls and sources of error are discussed. ’74, 114 
pp., 88 il., 5 tables, $15.00 


THE ADULT POSTOPERATIVE CHEST by Myron 
Melam-d; Florencio A. Hipona, Harvard Medical School, 
Bostore Carlos J. Reynes, Loyola Univ., Maywoed, Illinois; 
Walter L. Barker, Univ. of Illinois, Chicago; and Santiago 
Parede-, Boston Univ. School of Medicine, Boston. Foreword 
by Himm T. Langston. This study of adult pulmonary and 
cardiesascular radiography after surgery systematically assesses 
the ext-aneous factors imposed upon x-ray film by the surgical 
act. The book offers an atlas against which problem pictures 
can be compared for quick identification. Brief comments 
about behavior of the pleura, lung redistribution and postop- 
erative function are included. ’77, 396 pp., 578 il., 1 table, 
$31.50 


ATLAS OF BRAIN ANATOMY FOR C.T. SCANS: Using 
EMI Terminology (2nd Ed.) prepared by Fred C. Shipps, J. 
McAndrew Jones and Anthony D’Agostino, all cf Good Sa- 
marita@n Hospital and Medical Center, Portland, @regon. The 
Secone Edition of this book continues to offer a rapid and 
conveĮaient review of cross-sectional anatomy of the brain as 
found on C.T. scans, but many additions and revisions have 
been made. The identification of common artifacts; window 
width window level, and mu; transference of C.T. findings to 
the kateral skull film; and a method of clinicopathological 
correlation are covered for the first time. The unique self- 
teaching feature of the original edition, the overlay format, has 
beem -etained. ’77, 60 pp. (8 1/2 x 11), 82 il., $6.7, spiral 
(pape) 


PRINCIPLES OF RADIOGRAPHIC EXPOSURE AND 
PROCESSING (2nd Ed., 13th Ptg.) by Arthur W. Fuchs, 
Rochester, New York. This generously illustrated guide details 
procedures for producing good quality radiographs from prop- 
erly exposed x-ray film. The text describes a simple though 
exact exposure system which is based on proven theories and 
praet.ces. Exposure factors are reduced to constants whenever 
possible, thereby eliminating many potential sources of error. 
A cemplete glossary is included. '77, 302 pp. (7 x 10), 600 il., 25 
table., $18.50 


THE RENAL UPTAKE OF RADIOACTIVE MERCURY 
(1°"HagC1,): Method for Testing the Functional Value of Each 
Kidrey, Technique- Results- and Clinical Application in 
Urebgy and Nephrology edited by Claude Raynaud, Service 
Hospitalier Frederic Joliot, Orsay, France. Foreword by Pierre 
Royer. (41 Contributors) The first chapters of this text de- 
scrite several techniques of uptake measurement along with 
simplified systems of external counting, scanners or gamma 
cam- ras, and specific problems associated with the deep posi- 
tion of the kidney or Hg metabolism. The rest of the book 
discasses the normal values of Hg renal uptake and the results 
obtæned in patients. 76, 248 pp., 110 il., 47 tables, $22.75 


“TEAUMA” AND “NO-TRAUMA” OF THE CERVICAL 
SPINE edited by Kenneth R. Kattan, Univ. of Cincinnati Col- 
lege of Medicine, Cincinnati, Ohio. (11 Contributors) This 
complete volume on the topic of cervical spine trauma in- 
chuces descriptions and excellent illustrations on the anatomy 
of tne cervical spine and numerous varieties of trauma, their 
assessment and management. Discussed are the many symp- 
tows attributed to cervical spine trauma as well as diseases 
whch provoke this malfunction. The authors deal not only 
wita trauma, but also with how to differentiate it from other 
corelitions including the normal. '75, 328 pp., 292 il., $24.50 
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WHAT THE MONITOR SHOWS... 


»/ideo monitoring equipment presents data In ultrasound, the clear polyester support 
ver a wide range of black-and-white densi- of the film, combined with its extended gray 
ies. KODAK Gray Tone Imaging Film provides scale, enables echo patterns to be clearly 

»ou with an extended gray scale image capa- imaged, resulting in detailed information. 
ility, so you can record and preserve the In thermography, the wide dynamic range 
monitor image with fidelity and clarity. of KODAK Gray Tone Imaging Film enables i 

In CT scanning, the high resolving power to produce thermograms which faithfully re- 
3f KODAK Gray Tone Imaging Film helps pro- cord the density difference displayed on mo 
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ROCESSING IN 90 SECONDS. 


THE FILM RECORDS. CLEARLY. 


KODAK Gray Tone Imaging Film requires For more information about KODAK Gray 
10 special processing. You can have ready- Tore Imaging Film, ask your Kodak Technica 
o-read images in just 90 seconds, using Saks Representative or your x-ray products 
ODAK RP X-OMAT Processors and Chemi- d=aler. Or write: Eastman Kodak Company, 
Sals, or equivalents. Dent. 740-B, Rochester, New York 14650. 
The capability for displaying multiple 
mages, as well as the durability, dimensional 
stability, and resistance to curling of this TURNING ENERGY LS 
M ransparency film makes it a logical medium INTO IMAGES 
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Reduce Chest X-ray Retakes... 





and Take the Radiation Load Off Your Mind 


A Two-Word System 
for Reducing Retakes 


Pulmo Diagnost. Two words that in- 
sure precision and total quality con- 
trol. That’s because Philips’ Pulmo 
Diagnost is a fully automated, dedi- 
cated chest system. 

Automation from patient posi- 
tioning to film processing. Automa- 
tion that will cut your retake rate 
dramatically. That’s more than a 
radiation load off your mind. . . 
and your patients. It’s a big load off 
operating, labor and space costs, 
too. (Philips’ precision doesn’t need 
much space. ) 


The Right Take, Not Retakes 





Key design and engineering features 
insure superb image quality with the 
Pulmo Diagnost: 


Philips Pulmo Diagnost 


è Rapid, simple patient positioning 
è Automatic tube-to-film alignment 
è Full automation or semi- 
automatic operation to eliminate 
exam interruptions and multiple 
trips to the darkroom (a simple 


lever switches modes) ee 

è Philips Amplimat and Anatomi- PA] | ; = 

cally Programmed Radiography -- 

(accurate density control down to 2ms) Es = 

e High kV (150) technique and no xen | ceneraron | j 

grid lines due to oscillating grid ) 

è Simple, one-button generator A Pulmo Diagnost reora gives maximum 
efficiency in minimum space 

control 


e Minimum space to process 
maximum patients 


Philips Pulmo Diagnost: it returns 
your investment by sharply reducing 
returns for retakes. Ask your Philips’ 
representative for details. 





PHILIPS MEDICAL SYSTEMS, INC. 


: | desk for Philips’ MM100C dedicated 
710 Bridgeport Avenue, Shelton, Conn. 06484 Control desk for Philips 


generator for the Pulmo Diagnost 


PHILIPS 


® TM N.V. Philips of Holland 





For Double Contrast Stomachs,Use 


“E-Z-HD 


High Density with High Fluidity 
Barium Sulfate for Suspension USP 


Double contrast radiography appears to 
offer the potential for significant 
improvements in diagnostic accuracy. 











Double contrast studies of the stomach 
best demonstrate the surface pattern of 
the stomach (areae gastricae). This leads 
to improved detection of superfical 
erosions and ulcers, malignancies, 
polyps and other benign tumors, and 
ulcer scars. 


E-Z-HD barium sulfate provides the basic 
ingredient necessary for good double 
contrast of the stomach. 


» The higher the density of the barium 
Suspension, the better the coating, 
E-Z-HD allows for the highest density 
suspension of any commercial product 
on the market today: 85% w/w, 250% 
w/v. E-Z-HD achieves this density while 
remaining fluid for ease of administration. 


e High density 
e High fluidity 
è Palatable 
è Unit dose convenience. 
E-Z-HD — The barium for the double 





NOTE THE ANTRAL POLYP (ARROW) AND THE LACELIKE AREAE GASTRICAE IN THE BODY OF THE STOMACH contrast examination of the stomach 
Film, courtesy of Robert E. Koehler, M.D. Washington University, Dep't. of Radiology, St. Louis, Missouri and duodenum. 


Optimal Density & Fluidity for the Modern 
Double Contrast Examination of the 
Stomach and Duodenum 


Refrences: For Further Information Write: 
David W. Gelfand: The Japanese-Style Double Contrast, Exami- 
nation of the Stomach, Gastrointest Radiol. 1, 7-17 (1976) 


Igor Laufer: The Diagnostic Accuracy of Barium Studies of the a 7 Portland Ave. 
E-Z-EM 


Stomach and Duodenum — Correlation with Endoscopy, 


Radiology 1 15: 569-573, June 1975 aa Westbu ry, New York 11590 
Roscoe E. Miller: The Air Contrast Stomach Examination: an o] (516) 333-8230 


overview. Radiology 1 17: 743-744 Dec. 1975 
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12 SECONDS OR LESS. 
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FEATURES: 


. Complete random access. Numbered push buttcns locate each 
fram in upper or lower position, as you prefer for viewing. 


- 28 Plexiglas frames, 4 films wide, 112 film capacity. Viewed 4 
over 4 


e Pusk button individual or master control of lights for each view- 
ing area. Dividers between viewing areas. No light spil over. 


e Vieving panels and stored films in a portable magazine that can 
be golled from machine to machine. Ball-bearing cesters and 
convenient flip-up/fold down handles on each end of the maga- 
zine for easy stand-up movement. 


* Unoostructed leg area under shelf permits comfortatle seating 
and close viewing. 





* Imp oved mechanism includes built-in safety features, automatic 
ovesload protection to minimize any possibility of damage. 
Macazine is locked into machine when in use. All solid state 
con roils. 


MANUFACTURED BY: 
S & S X-RAY PRODUCTS INC Manufactured in USA by S & S, who have made 
e » a more motorized viewers than any one else in 
the world. Sold by local X-Ray dealers backed 
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to enhance your reputation for effectiveness. 


Here’s how... 


A New Book! COMPUTED TOMOGRAPHY OF ABDOMINAL ABNOR- 
MALITIES. By John Haaga, M.D. and Norbert E. Reich, D.O.; with 4 
contributors. Increase your understanding and more effectively inter- 
pret the results of abdominal CT scanning with this excellent atlas. 
Based on the authors’ extensive experience, it clearly describes and 
beautifully illustrates CT examinations of the abdomen; methods of 
examination; pathologic abdominal abnormalities; and proper inter- 
pretation methods. A particularly interesting chapter includes up-to- 
date CT images from 4th generation instrumentation, or the 2-second 
body scanner. February, 1978. 442 pages, 516 illustrations. Price, 
$44.50. 


A New Book! ULTRASONOGRAPHY OF DIGESTIVE DISEASES. By 
Francis S. Weill, M.D. Clinically oriented, this comprehensive new book 
demonstrates successful use of abdominal ultrasonography for early 
detection of digestive disorders. Five illustrated sections examine: 
technology of ultrasonography; the liver; biliary tract; pancreas; and 
spleen. All sections contain excellent chapters on echoanatomy featur- 
ing material on: reviews of examination; normal and abnormal 
anatomy; shape, contours and structures; tissular echopattern and 
echoanatomic relations; and criteria of normality. Many of the ultra- 
sonic signs described also pertain to abdominal CT scans. March, 1978. 
526 pages, 1,336 illustrations, Price. $47.50. 


Order today? 


New 2nd Edition! THE DIABETIC FOOT. Edited by Marvin E. Levin, 
M.D. and Lawrence W. O'Neal, M.D.; with 12 contributors. Radiologists, 
vascular and orthopaedic surgeons, therapists, and other specialists 
join forces to provide you with a multidisciplinary approach to the 
various factors affecting the diabetic foot — including pathogenesis and 
treatment, Outstanding features include chapters on radiography of 
the diabetic foot, footwear for the diabetic, and timely discussions of 
prophylactic surgery (in cases of bunions, hammertoes, and similar 
deformities). October, 1977. 306 pages, 282 illustrations. Price, 
$32.50. 


New Volume IV! RADIOLOGY OF THE SKULL AND BRAIN: Ventricles 
and Cisterns. Edited by Thomas H. Newton, M. D. and D. Gordon Potts, 
M. D.; with 15 contributors. In this new volume, the ventricles and 
cisterns are displayed by anatomical techniques, ventriculography, 
and pneumoencephalography. As in Volumes I-III in this prestigious 
series, distinguished authorities offer valuable insights into their 
specific areas of expertise. You'll find individual chapters on the third 
ventricle, the aqueduct, the fourth ventricle, the lateral ventricles, and 
subarachnoid cisterns. October, 1978. Approx. 704 pages, 1,369 
illustrations. About $59.50. 
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ONE phantom allows you 
(or department personnel) 
to quantitatively evaluate 


e Resolution œ Linearity/contrast 
e Beam alignment, width and uniformity 
e Noise and size uniformity 


Compatible with $ 00 
ALL CT scanners 
MODEL 76-420C ONLY 


* Similar to the unit described in a report by the AAPM 
Task Force on CT Scanner Phantoms approved by the 
American Association of Physicists in Medicine (AAPM). 





TYPICAL RESULTS 

A. Resdluïon limits are easily determined. Linespread function can 
be calculated directly. 

B. High-centrast linearity measurement, showing different radio- 
graphie densities of test pins. CT number values are supplied for 
all pne to allow system linearity to be checked. Center pin ver- 
ifies zam alignment. 

C. Beam width can be calculated and adjacency of cut can be seen. 
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“Tommy” Anthropomorphic 
CT Head Phantoms for QA and 
teaching demonstrations 
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Tommy II... Real human skull, fillable with optional 


nevable test objects that can be positioned 
arywhere in head cavity. 
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Decisions on manuscripts are based on the opinions of at least two outside reviewers. Statements within an article are the 
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Manuscript Form 
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copy, a duplicate copy complete with figures, tables, and references is required. Authors’ names should be on title page only and 
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Abstract. A description of the purpose, methods, results and conclusions of the study is required. 

Introduction. Clearly state the purpose of the investigation including necessary background facts. 
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Editoria! 


Evaluation of Computed Tomography: Achievement and Challenge 


From the time of its introduction into the United States 
in 1973, computed tomography (CT) captivated radiolo- 
gists, medical practitioners, the public, hospital admin- 
istrators, third-party payers, health planners, and policy 
makers. By November 1977, at least 870 CT scanners 
were in operation in the United States, and an additional 
165 had been approved for purchase by state regulatory 
agencies according to a survey conducted by the Center 
for the Analysis of Health Practices, Harvard School of 
Public Health. Almost certainly the one thousandth CT 
scanner in the United States commenced operation 
sometime during the first half of 1978. An even greater 
number of articles about CT has appeared in the profes- 
sional literature. 

The American Journal of Roentgenology devoted its 
special bicentennial issue of July 1976 to CT. This out- 
standing collection included a few articles on computer 


processing and quality of CT pictures, economics of CP 


units, and the state of health planning for CT, but the 
preponderance dealt with the appearance of CT images 
in a variety of diseases and organ systems. The collection 
was a valuable contribution to the early assessment of 
CT. The new device could reveal an impressive variety of 
pathologies in many diseased organs, as well as present 
anatomic detail previously unobservable in vivo. For 
many physicians and others, this constituted sufficient 
evidence of the value of CT scanning to make it an 
important, even essential, clinical tool. Others, particu- 
larly those concerned with costs of medical care and 
with the expense of CT, objected that more information 
was needed on its full implications. Thoughtful clinicians 
recognized that very promising technologies can fall 
short of expectations, and that even very good technol- 
ogies can be misapplied, but they were reluctant to deny 
patients an available, potentially beneficial, examination. 
Sensible health planners acknowledged the clinical 
promise of CT, but greatly feared excessive proliferation 
and sought some rational basis on which to distribute 
scanners. Hospital administrators did not want their 
institutions left behind, but they were concerned about 
such a large investment in a device whose technological 
obsolescence might antedate its depreciable life. As the 
focus of so many interests, concerns, and fears, CT came 
to symbolize the dilemma posed by health technology. 

Against this unfolding drama, the American Journal of 
Roentgenology offers in this issue a second group c‘ 
articles on CT. These are mainly concerned with evalu- 
ating clinical efficacy, but deal as well with several other 
issues, including technical performance, safety, costs, 


and efficiency. Taken together, these reports substan- 
tially expand our knowledge of the clinical value of CT. 
They also reinforce an appreciation for the magnitude 
and complexity of a thorough assessment of any medical 
technology. 

Dē&gnosis is not an end in itself. Physicians perform 
tests on patients to gain information about the presence 
or absence of disease (screening and diagnosis), to help 
plar treatment in cases where disease is established, 
and to monitor the results of treatment. The effect we 
valus in its own right is the health of patients, both the 
lencth and quality of their lives, including peace of mind. 
In general. medicine is directed toward the goal of 
imp oved health outcome. 

One of the difficulties in evaluating a diagnostic test is 
its memoteness from health outcome. The radiologist 


inte prets a CT scan and then conveys its meaning to the 


patient's physician, who then may alter diagnostic test 
strategy and modify the treatment plan —all of this before 
any effect on outcome can be realized. The patient's 
health may improve or deteriorate, but that depends 
primarily on the severity of disease and the effectiveness 
of available treatment, neither of which can be affected 
by a diagnostic test. The ultimate value of the diagnostic 
test is that difference in health outcome resulting from 
the test: In what ways, to what extent, with what fre- 
quency, in which patients is health outcome improved 
because of this test? 

As Abrams and McNeil [1] point out, renoteness of 
health outcome from the point of a diagnostic test leads 
to short-term reliance on more proximate measures of a 
tests efficacy, which may also be called ‘‘process’’ 
measures [2]. The American College of Radiology Com- 
mittee on Efficacy has propounded a sens ble concep- 
tion ef efficacy, based on the hierarchy of test informa- 
tion leading to therapeutic decisions leading to health 
outcome [3]. Many of the clinical reports in this issue [2, 
4-17] assess CT in terms of one or more proximate 
standards of clinical efficacy: its contribution to diagnos- 
tic and prognostic information, its effect on use of other 
tests, and its effect on choice and precision of therapy. 





* a new medical technology can be evaluated along e:ght dimensions: 
(1) technical performance; (2) clinical efficacy; (3) resource costs, 
charges, and efficiency; (4) safety; (5) acceptability to patients, physi- 
cians, and other users; (6) research benefits for the future; (7) larger 
effects on the organization of health services; and (8) arger effects on 
society (as pertain, for example, to genetic manipulation technologies). 
Each of these evaluation criteria depends upon a distinct set of disci- 
plinesand methodologies, some of which are well established and others 
of wħich are still being developed. 
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The contribution of CT varies according to the organ 
system examined and the clinical presentation and prob- 
lem investigated, as suggested by a number of papers in 
this issue [2, 4, 5, 9-12]. Larson and colleagues [10, 11, 
13] conducted a series of studies that is especially 
instructive in this regard. They used a uniform method- 
ology, tracking cohorts of patients with similar present- 
ing problems before and after availability of CT, and 
found different results for different patient groups. 

At any level of efficacy and for any particular group of 
patients, it may be most useful to compare the contribu- 
tion of CT to that of other diagnostic tests. For example, 
the excellent paper by Schaner et al. [7] documents that 
CT is considerably more sensitive than conventional 
tomography in detecting metastatic pulmonary nodules. 
This paper also notes the anatomic locations of nodules 
commonly missed by CT (false negatives) and points out 
the limits of surgical palpation as a means of ascertain- 
ing their presence. According to this study, CT also is 
less specific (has a higher false positive rate) than more 
conventional tests; a greater proportion of nodules de- 
tected by CT are discovered to be nonmalignant at 
surgery. The trade-off between sensitivity and specificity 
in diagnostic tests is common; a decline in specificity is 
increasingly important the lower the prevalence of dis- 
ease and the more drastic the intervention based on a 
positive test. 

A number of papers address the usefulness of CT in 
therapy planning and monitoring [2, 4-6, 14, 15], and 
one emphasizes the prognostic utility of CT in head 
trauma [9]. This latter study demonstrates the favorable 
Prognostic implications of a normal CT scan in the 
comatose patient. The converse question is equally inter- 
esting: in patients suffering head trauma with no disturb- 
ance of consciousness, how often does CT reveal abnor- 
malities that lead to beneficial therapeutic interventions? 
Both normal and abnormal examinations are potentially 
valuable. What matters is not diagnostic findings per se, 
but their meaning in the context of prior beliefs about 
the patient's condition. 

Different approaches to measuring clinical efficacy 
offer different advantages and drawbacks. For example, 
at the level of diagnostic information, it is possible to 
study CT in the context of clinical care, as reported in 
the papers here, and also to undertake readings of 
images from CT and other tests under conditions of 
controlled observation, as in a yet unpublished multicen- 
ter study sponsored by the National Cancer Institute. The 
latter approach offers a precise comparison of diagnos- 
tic abilities of different modalities. On the other hand, 
Studies in the clinical context can assess the marginal 
contribution of a test to an understanding of a patient's 
condition and also provide a base for determining the 
test's contribution to therapy. Both types of studies can 
be enlightening and, in fact, complement one another. 

The diagnostic capability of a CT scanner depends on 
its technical performance. This is characterized by tech- 
nical features such as contrast scale and noise. spatial 
resolution, radiation dose and efficiency of photon cap- 


ture, freedom from artifact, scanning speed, anatomic 
and patient handling capacity, scan-to-scan reproduci- 
bility, and day-to-day reliability of operation. The techni- 
cal performance of CT may be measured in and of itself. 
The technical properties of CT also may be compared to 
those of other imaging modalities; a more advanced CT 
device may be compared to earlier generations of equip- 
ment; and devices produced by different manufacturers 
may be compared to one another. 

Several articles in this issue deal with the fundamental 
notion of technical trade-offs: optimizing performance 
along one technical dimension usually requires sacrific- 
ing along another. The report by Brasch et al. [16] 
discusses the relation among radiation dose, density 
contrast, and spatial resolution. They suggest that sub- 
stantial reductions in radiation dose can be gained at the 
price of relatively small degradation in image quality. 
Such technical advances as faster scanning time may 
reduce artifact, but, according to Winter's analysis aka? 
cannot yield proportionate increases in productivity. 
Hounsfield [18] advances the possibility of double view- 
ings of each scan, the first to show the highest possible 
spatial resolution and the second, spatially filtered and 
magnified, to reveal the smallest detectable variation in 
tissue density. 

Every radiographic procedure entails some risk to 
patients. Net risk must be weighed in the overall assess- 
ment of the clinical value of CT. The risks to patients 
undergoing CT examination are those presented by ra- 
diation exposure, intravenous contrast agents, and gen- 
eral anesthesia, when used, as it is by some centers, in 
selected pediatric patients [16, 19]. Other diagnostic 
tests and treatments that may be avoided or prompted 
by CT examination would also either reduce or increase 
risk, and hence would figure into the calculation of net 
risk. 

Evaluating the economic costs of CT may be as com- 
plex as assessing its clinical worth. The operating costs 
are reasonably straightforward, with direct and indirect 
components, some fixed and some variable, the latter 
depending on volume. Accounted costs also depend on 
the time allowed for depreciation, but the effects of 
different amortization schedules can be identified read- 
ily. The real difficulty in measuring costs is that many of 
the important economic consequences of CT are not 
intrinsic to the test, but follow in the form of induced 
costs and savings. Abrams and McNeil [1] recount the 
perils of projecting induced effects on hospital admis- 
sions and lengths of stay, and on utilization of other 
diagnostic tests and therapeutic procedures. Whenever 
questionable or controversial assumptions enter a cost 
assessment, it is worthwhile to check the stability of 
conclusions in the face of changes in the assumptions. 
In a complete resource cost analysis, estimates would be 
based on marginal, rather than average, effects, and 
expenditures over time would be discounted to their 
present values. 

A cost-effectiveness ratio can be estimated for 
achievements at each level of clinical efficacy. For ex- 
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ample, one could compute the cost per correct diagno- 
sis, the cost per new treatment undertaken, the cost per 
cure, or the cost per year of life gained. For some 
problems studied with cranial CT, cost-effectiveness 
estimates have been derived, based on case finding and 
CT operating costs [12, 20, 21] or on the total charges 
for diagnostic tests [10, 11, 13]. Assessments of cost- 
effectiveness that address higher levels of efficacy and 
that include complete estimates of induced costs and 
savings still lie ahead. 

The evolving nature of CT compromises the currency 
of any evaluation. This year’s clinical results are obtained 
from last year's model scanner, and next year's reviews 
will be based on this year’s reports. Even if CT technol- 
ogy were fixed, its relative contribution could be affected 
by advances in other diagnostic or therapeutic modali- 
ties. If all medical technologies magically stabilized, new 
associations almost surely would be discovered between 
clinical states and CT images, possibly enhancing its 
clinical contribution. Beyond these dynamics of techni- 
cal change and new insights, it takes time to learn to use 
the device, time for radiologists to become proficient at 
CT interpretation, and time for referring physicians to ad- 
just their requests and expectations. The advent of lower 
cost, technically limited scanners raises a whole new 
range of cost-effectiveness possibilities. Trying to evalu- 
ate CT is trying to hit a moving target that is also 
changing shape. 

The controversy surrounding CT epitomizes an era in 
American medicine in which technological triumphs are 
confronted with critical questions about their worth. 
Increasingly, the burden of proof is shifting onto those 
who would employ new technologies. It is fruitless for 
guardians of the public purse and welfare to demand 
sure and prompt answers to complex issues. It is equally 
shortsighted for physicians to declare efficacy and need 
unequivocally established when empirical evidence can 
only support particular levels of efficacy for particular 
groups of patients at particular costs. Planners and third- 
party payers should try to remain cognizant of the evolv- 
ing state of knowledge about the contribution of CT. 
Physicians, for our part, should undertake clinical eval- 
uations, not simply to convince a government bureauc- 
racy, but to enlighten ourselves about the effects of our 
clinical decisions. For all physicians, greater knowledge 
will carry an obligation to be more thoughtful about the 
use of alternative tests. For radiologists, it means a more 
active role as consultants, guiding other practitioners in 
the most reasonable selection and sequence of exami- 
nations. 

We need a strategy for promoting understanding of 
the contribution of new medical technology. This will not 
arise naturally from unexamined experience, but re- 
quires systematically asking the right empirical ques- 
tions. Such inquiry itself consumes valuable resources. 
If we, as a society, demand a more critical approach to 
medical practices, we must also support the research 
effort. The evaluation enterprise can be encouraged by 
the provision of research funds and promoted by the 


health planning and reimbursement processes, but its 
success wil’ depend on the commitment of physicians to 
undertake the needed studies. 

Evalmation of CT, or of any dynamic medical technol- 
ogy wll never provide final answers. Findings will be 
open t> interpretation. Individual values and judgments 
will alveays play a role. Decisions about the develapment, 
marketng, purchase, deployment, reimbursement, and 
use of new technologies will continue to be made, 
however imperfectly. The great challenge, embadied in 
CT but embracing all of medicine, is to bring policy and 
practic into line with knowledge. 

Harvey V. Fineberg 

Center for the Analysis of Health Practices 
Harvard School of Publie Health 

Boston, Massachusetts 02115 
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A method for assessing the effect of computed body tomog- 
raphy on diagnostic understanding and therapeutic decision 
making is described and the results in the first 184 patients 
are presented. The patients’ referring physicians provided the 
primary data used for the evaluation. CT improved diagnostic 
understanding in 41% of patients, reassured the physician 
about previously planned therapy in 43%, contributed to a 
change in therapy in 17%, and improved precision of previ- 
ously planned treatment in an additional 10%. CT contributed 
to a decision not to perform surgery in 21% of patients in 
whom an operation had been provisionally planned. While CT 
can play an important role in patient management, its mea- 
sured value depends on the clinical problems investigated 
and the level of efficacy on which it is judged. 


Introduction 


Computed body tomography is an important diagnostic 
technique whose role in the care of patients requires 
continuing evaluation. This evaluation must satisfy the 
needs of clinicians, radiologists, and hospitals caring for 
individual patients, as well as third party payers, plan- 
ners, and regulators concerned with the health care of 
populations. Sound clinical evaluation is needed be- 
cause CT is expensive and limited in availability. Patients 
likely to benefit should have access to CT scanning, 
while inappropriate utilization should be resisted. Con- 
sequently the aims of a clinical evaluation of body CT 
should be to provide guidelines both for judicious utili- 
zation and for rational distribution of scanners. 

This study was designed to assess the contribution of 
body CT to the diagnosis and treatment of patients with 
specific, selected clinical problems. As such, it was not 
designed to measure its usefulness as a screening tool, 
nor was it a study of cost-effectiveness. This paper 
reviews the clinical efficacy of body CT during the first 6 
months of use at Massachusetts General Hospital. In a 
sense, it is as much atrial of methodology as of CT itself. 

Our direct objectives were as follows: (1) to assess the 
contribution of body CT to clinicians’ diagnostic under- 
standing in selected clinical settings; (2) to assess its 
effect on the choice of therapy and the precision with 
which therapy is applied; (3) to assess its impact on use 
of more invasive imaging tests; and (4) to compare it 
with other imaging techniques in terms of patient com- 
fort. Indirect objectives included: (1) to contribute to the 
development of patient utilization criteria for body GT; 
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(2) te improve understanding of the overall need for CT in 
the community at large; and (3) to provide a baseline for 
measuring change in the use and impact of body CT over 
time as experience with the modality is gained. 


Methods 


Massachusetts General Hospital is a 1,084 bed univer- 
sity eaching hospital with an active staff cf 935 physi- 
cians. 364 house officers, and 332 clinical and research 
fellows. The radiology department is divided into subsec- 
tions according to anatomic or specialty areas. Body CT 
is incorporated into the gastrointestinal section which 
also is responsible for the extracardiac applications of 
B-mode ultrasound. 

Ar EMI CT 5000 prototype general purpose body 
scanner with an 18 sec scan time was installed in the 
sum ner of 1976. Approximately 4 min of processing time 
were required to produce a single cross-sectional recon- 
struction of a 13 mm thick section for display on a 320 x 
320 or 160 x 160 matrix. The accuracy of the determined 
atter uation coefficients measured on a water standard 
varied from 1.5% to 2.5%. 


Stuay Design 


The study design required completion of detailed pro- 
tocos for patients who were prospective y classified 
according to specific anatomic regions, organs, or clini- 
cal croblems to be investigated. At the time the clinical 
research program was initiated (September 1976}. prom- 
ising areas for clinical evaluation were selected on the 
basis of publications [1-5] and preliminary reports pre- 
sented at a professional meeting [6]. Deperding on the 
principal presenting clinical problem, patients were as- 
signed to one of eight protocols (table 1). In some cases, 
the CT examination was intended to provide infommation 
on the presence or absence of disease; in others, the 
stud» was used to define the local or distant extent of a 
prevously documented disease process for purposes of 
treatment planning or monitoring. 

To ensure accuracy, completeness, and acceptability 
of al protocols, each was developed in asscciation with 
senier staff radiologists and experienced clinicians. Two 
of the protocols (lung and mediastinum) were initiated 
seve-a! months after the others. All patients examined by 
CT who were eligible for an existing protocol are in- 
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TABLE 1 


CT Protocols 











Specific Eligibility Requirements 














Protocol 
SBUMGICS o oeskd kde w os Bilirubin > 1 mg/100 ml, intravenous cholangiogram not diagnostic 
Bilirubin > 3 mg/100 ml 
go) TETEE History, physical examination, or laboratory results suggest pancreatic 
disease 


Metastatic adenocarcinoma, primary site undetermined 
Liver/perihepatic*..... Suspected liver metastases 

Space-occupying lesion, etiology undetermined 

Suspected metabolic or cystic liver disease 

Intrahepatic or perihepatic abscess suspected 


Lymphoma-retroperi- 
ONDU. 6 <dvvao sean 
Perirenal/renal/retro- 


Biopsy-proven Hodgkin's lymphoma undergoing stagingt 


peritoneum......... Hypertension with history or laboratory results suggesting adrenal 


tumor 


Adrenal or renal mass, etiology undetermined 
Lymphadenopathy, etiology undetermined 
Suspected primary or metastatic malignant disease 
Abscess or hematoma suspected 

BON EIE S Biopsy-proven primary malignancy 


Destructive bone lesion 


Paraspinal osteomyelitis 


Mediastinum ......... Mediastinal mass 


Clinically suspected thymoma 


Primary malignancy of lung, hilar and mediastinal evaluation 











Note.—Whenever appropriate, ultrasound, radionuclide, and/or conventional tomographic examinations were requested 


prior to CT examination. 


* Must meet specific eligibility requirements and be ineligible for jaundice protocol. 


t Lymphangiogram performed after CT examination. 


cluded in this evaluation. During the first 6 months there 
were several minor revisions in the protocols intended to 
improve clarity. 

The overall conduct of the prospective study is illus- 
trated in figure 1. Referrals came from staff physicians of 
Massachusetts General Hospital and other practitioners 
in the New England area. Patients were accepted and 
assigned a protocol only after discussion between a 
referring physician and a senior radiologist. The refer- 
ring physician was urged to obtain appropriate imaging 
examinations related to the protocol prior to completing 
the first questionnaire on diagnostic probability esti- 
mates. 

This questionnaire consisted of three parts: 

1. A list of possible disease processes appropriate for 
the protocol was provided with a request to estimate the 
probability of each diagnosis in the patient. This differ- 
ential diagnostic list included alternative choices of 
“normal” and of “other” which enabled the physician to 
include rare, unlisted pathologic entities. The sum of all 
the estimates had to be 100%. 

2. Acomprehensive list of pertinent laboratory endo- 
scopic, and imaging tests was provided for an Opinion 
as to the likelihood of their performance if CT had not 
been available. 

3. The physician was asked to indicate the provisional 
treatment plan based on existing information. 

Immediately prior to performance of the scan, a re- 
search assistant acquainted the patient with the charac- 
teristics of the machine and outlined the nature of the 


examination, including risks related to radiation and 
intravenous contrast material. A signed consent form 
was obtained prior to examination. 

The techniques of examination in different anatomic 
regions, including indications for intravenous contrast 
material, are detailed in a separate report [7]. All patients 
undergoing abdominal examination received oral iodi- 
nated contrast material. All examinations were moni- 
tored by staff radiologists. 

Radiologic interpretations were made at the end of the 
day, following review of images on the television display 
monitor and on photographs. A minimum of three radiol- 
ogists who were also aware of the results of other 
imaging tests participated in interpretation of scans, and 
conclusions were expressed as probabilities of alterna- 
tive diagnoses on a list identical to that on the referring 
physician's first questionnaire. A handwritten report was 
delivered to the referring physician within 24 hr followed 
by a formal report which in all cases conveyed the same 
information as the initial report. 

At the time of receipt of the radiologist’s handwritten 
report, the referring physician was asked to complete a 
second questionnaire indicating any revision in his di- 
agnostic probability estimates and current therapeutic 
plans. If there were changes in either, he was asked to 
indicate the extent to which they depended on the CT 
results. Diagnostic and therapeutic care was continued 
routinely until discharge. After patient discharge, all 
pertinent diagnostic tests and administered therapies 
were recorded. 
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Clinician Requests C.B.T. 


Radiologist Confirms Patient Eligibility 
and Assigns Protocol 










15 Questionaire 


Probability Estimates... 
Diagnosis & Therapeutic Plans 
if CBT Not Available 


Prescan Protocol 







Requirements Fillfilled 


Radiologists Diagnostic Probability Estimates 






2nd Questionaire 


? Alteration in Diagnostic Estimates and/or Therapeutic Plans 


Evaluation & Treatment Continue to Discharge 
Post-Scan Tests & Treatment Recorded 
3rd Questionaire 


Diagnostic Understanding at Time of Discharge... 


Assessment of C.B.T. 





Impact 


Health Status Follow-up In Selected Patients 


Fig. 1.—Sequence of activities from time of request for CT examina- 
tion to scanned patient's discharge. Referring physicians completed 
three questionnaires (black boxes). 


The referring physician received a final questionnaire 
at the time of the patient's discharge. For outpatients, 
the third questionnaire was distributed 3-4 weeks after 
the CT examination. He was asked to describe, in prob- 
ability estimates, his final diagnostic understanding at 
the time of discharge using the same differential diag- 
nostic list as in the previous questionnaires. The final 
questionnaire also requested impressions of the overall 
usefulness of CT in terms of diagnostic information and 
choice of therapy (table 2). Patient records were re- 
viewed by two of us (J. Wittenberg and H. V. Fineberg) to 
substantiate their consistency with the overall assess- 
ment by the referring physician. Follow-up on the health 
status of all patients whose therapy was affected by CT 
was determined no less than 5 months after examination 
by either a review of the chart or interrogation of the 
referring physician. 


Control Group for Selected Patients 


For inpatients in whom CT contributed to a decision to 
abandon planned surgery, historical control patients 


TABLE 2 
Questionnaire on Overall Contribution of CT 

















Vasue Rating 





Diagnosic understanding (check one): 

—CT confused my understanding of this patient's 
disea= and /ed to investigations | would not other- 
wise rave done. D1 

—CT confused my understanding of this patient's 
diseas but did not lead to any additional investiga- 


tions. D2 
—CT rad no effect or a little effect on my understand- 
ing at this patient's disease. D3 


—CT pwmvided information which significantly im- 
provee my understanding of this patient’s disease. D4 
—My understanding of this patient's disease de- 
penct=4 upon diagnostic information provided cnly 
by CT (unavailable from any other nonsurgical pro- 
cedure). D5 
Choice cf therapy (check one): 
—CT lee me to choose therapy which in retrospect 


was net in the best interests of the patient. T1 
—CT wÆ of no influence in my choice of therapy. T2 
—CT did not alter my choice of therapy, but did 

increase my confidence in the chosen treatment T3 


—CT zoatributed to a change in my chosen therēpy, 
but efter factors (underline which: imaging tests, 
other diagnostic tests, changes in patient status) 


wer=equally or more important. T4 
-CT was very important compared to other factors in 
leacing to a beneficial change in therapy. TS 


Did CT effect the precision with which you carried out 
therapy (e.g., surgical approach, adjustment of 
medication dose)? 

Tinn M 











were obtained from the computerized research index at 
Massacmusetts General Hospital. The control patients 
were selected from among patients admitted in the 2 
years preceding availability of CT. The patients were 
matc =] according to age, admitting diagnoses, and 
final diagnosis. The ages of all controls were selected to 
fall within 5 years of that of the matched study petients. 
Admitting and discharge diagnoses were matched in one 
of three ways: 

1. The control patient had the same admitting and 
discharge diagnoses as the study patient (identical FDA 
codes {3)). 

2. The control patient had the same discharge diag- 
nosis = the study patient and the control's admitting 
diagresis was the same as the study patient's most 
highly-suspected diagnosis prior to CT examinaticn. 

3. The control patient had the same admitting diag- 
nosis = the study patient and the control's discharge 
diagresis matched the study patient's most highly sus- 
pected diagnosis prior to CT examination. 


Patie at Comfort Questionnaire 


Immediately following completion of the CT examina- 
tion, 190 consecutive patients were supplied with a 
questionnaire requesting their assessment of the dis- 
comfar experienced during the examination (see table 
6). These patients were also asked to rate on the same 
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TABLE 3 
Distribution of Protocols 





Inappropriate 


Technically 


Questionnaire not Medical Record Una- 


Total Eligible i i h T - 

Protocol i he a Macera — i teen bbe se 3 ti of ge sa 
Pancreas .... 85 2(2) 2 13 4 62 
LIVER Sie eweas 49 3 4 9 3 34 
Jaundice .... 29 1 1 2 1 24 
Lymphoma .. 23 1 1 3 0 vs 
Perirenal .... 22 0 0 5 1 16 
Bone ........ 21 3 1 1 0 16 
Mediastinum 14 1(2) 0 3 0 8 
Lung ........ a 0(5) 0 0 0 7 
| ee 255 12(9) 9 32t 9 184 





Note. — Numbers in parentheses indicate patients examined while protocol under development. 
* Anatomic area of interest too large to be accommodated within scanner gantry or patient unable to cooperate. 
t Disproportionately high fraction attributed to physicians from other hospitals. 


discomfort scale other specified radiologic techniques 
they had experienced. 


Data Analysis 


Two full-time research assistants were responsible for 
abstracting hospital charts and collating information. 
Data accumulated in the study were encoded on punch 
cards and the results tabulated by computer. 


Results 
Patient Population 


From the initial availability of CT scanning on Septem- 
ber 13, 1976, to March 31, 1977, 500 patients were 
examined; 51% were eligible for protocols included in 
this report. Patients excluded from this study [9, 10] 
were examined (1) for diseases of the brain, orbit, or 
face; (2) on a separate radiotherapy planning protocol; 
or (3) on newer protocols which accumulated fewer than 
five patients during the time period being reported. Of 
the 255 patients eligible for the eight protocols, 225 were 
correctly assigned and had a technically satisfactory CT 
examination (table 3). A complete data base was col- 
lected for 184 (82%) of these 225 patients. The 184 
patients were referred by 90 staff physicians and eight 
physicians unaffiliated with the hospital. A total of 139 
(76%) received intravenous iodinated contrast material 
as part of a complete second scanning sequence; 131 
(71%) were hospitalized at the time of examination with 
an average length of stay of almost 24 days. 


Effect on Diagnostic Understanding and Choice of 
Therapy 


Overall assessments of the effect of CT on diagnostic 
understanding (D) and choice of therapy (T) are summa- 
rized in table 4. For each protocol except mediastinum, 
the diagnostic contribution was judged on average to be 
greater than a small effect (D3) but less than a significant 
improvement (D4). For the mediastinal protocol, the 
average rating exceeded that of a significant improve- 
ment (D4). The smallest diagnostic contribution, on the 


TABLE 4 
Ratings for Each Protocol 


Diagnostic (D) Therapeutic (T) No. Patients 

Pancreas......... 3.31 + 0.80 3.53 + 0.80 62 
Mediastinum ..... 4.25 + 0.89 3.38 = 1.19 8 
POTTING) EPE E 3.63 + 0.81 2.94 + 0.68 16 
DOD eriin a an 3.38 + 0.62 2.94 + 0.93 16 
UVO sarerea aa 3.27 Æ 0:83 2.41 $1.05 34 
Jaundice ......... 3.33 + 0.76 2.71 + 0.69 24 
Lymphoma....... 3.12 + 0.49 2.59 + 0.62 17 
LUNO erisieransiss 3.29 + 1.25 2.43. + 1:27 7 

WOU via deicawai 3.36 + 0.80 2.85 + 0.87 184 


Note.—Mean + SD. 


average, was achieved in examining the retroperitoneum 
of the patients on the lymphoma protocol. 

The greatest therapeutic impact was observed exam- 
ining the pancreas and mediastinum which, on the 
average, fell between providing increased confidence in 
previously planned treatment (T3) and contributing to a 
change in chosen therapy (T4). The smallest therapeutic 
contribution was for lung which, on the average, fell 
between no influence in choice of therapy (T2) and only 
an increase in confidence in the prescan therapeutic 
plan (T3). 

The distribution of values for both diagnostic and 
therapeutic ratings for all patients on all protocols is 
shown in figure 2. Extreme ratings for both diagnostic 
and therapeutic values were uncommon. CT impaired 
diagnostic understanding (D1, D2) in 9%, had no effect 
or a little effect (D3) in 50%, and substantially improved 
understanding (D4, D5) in 41%. CT was of no influence 
in choice of therapy (T2) in 38%, increased confidence 
without therapeutic alteration (T3) in 43%, and contrib- 
uted to a change in choice of therapy (T4, T5) in 17%. In 
a single patient rated as T1, a lung tumor diagnosed by 
CT was not found at surgery. 

In 35 patients (19%), disease was excluded in the area 
examined (referring physician's final diagnostic assess- 
ment of normal equaled 100%) and was nearly excluded 
(referring physician’s final assessment of normal equaled 
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184 PATIENTS 


DIAGNOSTIC UNDERSTANDING 


[_] choice oF THERAPY 


% OF PATIENTS 





VALUE RATING 


Fig. 2.—Contribution of CT to diagnostic understanding and choice of 
therapy for all protocols. Percentages rounded to nearest whole number. 


TABLE 5 
Frequency of Rating Combinations 


5 Rating No. Patients 
Di OT cs crac tees nne n anA 1 
ty TZ euroen eee eee eee ee 4 
2 en rere re ere 11 
OX Ee chain cake we eREeR eae; 44 
Da Tarere nn AAA 48 
DS Thors nE er eeaeraes 1 
RT Te ki ce E E EEE 9 
E E Ee E e TATE TE 30 
aT e e E E E E N 19 
DA VS eéen cece eeiiesedseaeeaues 5 
DS Tesh s ca pnw Mier Ere ee eekes 1 
DS TAG ice anire EAEE E neues 4 
DS- Tiada D E A ee eee 1 
r i P EET 6 
TN biol aai e AAA E 184 


91%-99%) in four patients (2%). Seventeen (44%) of 
these 39 patients were rated D4 or D5 and six (15%) were 
rated T4 or T5. 

Eighteen (22%) of the 81 patients rated T3 had treat- 
ment administered with improved precision as well as 
increased confidence. Ten (56%) of the 18 were treated 
surgically, and the remainder received medication or 
adjunctive radiotherapy. 

The five diagnostic and five therapeutic ratings in the 
final assessment by the referring physician created 25 
theoretical combinations, of which 14 occurred (table 5). 
In general, high diagnostic ratings (D4 or D5) were 
necessary for high therapeutic ratings (T4 or T5). The 
single exception was a patient rated D3 T5 who, prior to 
examination. was strongly suspected of having liver 
abscesses. Knowledge of their exact size and location, 
revealed only by CT, radically altered the surgical ap- 
proach. improved diagnostic understanding led to a 
change in therapy (T4 or T5 rated with D4 or D5) in 31 of 
75 cases (41%). Typical of those patients in whom im- 
proved diagnostic understanding did not affect therapy 
was a patient rated D5 T2 in whom a mediastinal mass 





Fig. 3.—D1 T2 rating. 58-year-old male with diabetes, addominal pain, 
and 11.3 xg weight loss. All conventional gastrointestinal examinations 
were normal. Pancreatic ultrasound demonstrated mildly enlarged distal 
body anc tail “consistent with either inflammation or tumor.” ST dem- 
onstratec enlargement of distal pancreas (arrows), and similar differen- 
tial diagrosis was given. Endoscopic retrograde pancreatography and 
pancreatic angiography were normal. Patient was dischargec without 
further investigation, and his clinical condition was unchanged & months 
later. 





Fig. 4 — D2 T2 rating. 64-year-old male undergoing chemotherapy for 
colonic adenocarcinoma and biopsy-proven liver metastases. U'itrasound 
examinasion demonstrated discrete echo-free areas consistent with me- 
tastases CT with patient supine (A) and in decubitus position (B) after 
contrast material demonstrated no evidence of metastases. Supsequent 
radionwe ide scan demonstrated findings consistent with iver metastases 
which hed increased in size since examination 6 months earlier. 


was accurately diagnosed as a dermoid, but neither the 
decisicn to perform surgery nor the precision of its 
executon was affected [11]. Figures 3-8 illustrate var- 
ious Ciagnostic/therapeutic rating combiratiors. The 
selected examples also illustrate the range of image 
quality obtained in routine clinical use. 


Effect on Performance of Invasive Imaging Tests 


in five patients rated D1, CT impaired diagnostic un- 
derstanding and prompted additional imaging investiga- 
tions. Dut more often CT contributed to a dec'sion to 
forego anticipated tests. For the six CT orotecols in 
which angiography might be considered, 167 patients 
were examined. Prior to CT, angiography was provision- 
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Fig. 5.—D3 T3 rating. 67-year-old male with jaundice and laboratory 
evidence of pancreatic insufficiency. Ultrasound of pancreas was unsuc- 
cessful because of presence of intestinal gas. Angiography was equivocai 
but suggested tumor vessels within body of pancreas consistent with 
pancreatic malignancy. Pre-CT differential diagnosis was adenocarci- 
noma or chronic pancreatitis with atrophy. CT demonstrated diffusely 
enlarged pancreas (small arrows) without calcification and enlarged 
spleen (/arge arrows). Interpretation was probable carcinoma with inva- 
sion of splenic vein. Findings were confirmed at Surgery. 





Fig. 6.—D3 T3 rating with increased precision. 35-year-old male with 
desmoplastic fibroma of right ilium to be treated with preoperative 
radiotherapy followed by surgical excision. Conventional tomography 
revealed destructive bone lesion and adjacent poorly defined soft tissue 
mass. CT revealed bone destruction and medial extent of soft tissue mass 
(arrows), providing basis for enlargement of field size for radiation 
therapy. 


ally planned in 36 patients. Nine of these 36 underwent 
angiography as did an additional five in whom it was not 
planned before CT. This yields a net reduction of 22 
examinations (66%) under the number felt to have been 
definitely or probably needed before CT. Endoscopic 
retrograde cholangiopancreatography (ERCP) was a 
possible examination for the 87 patients in the pancreas 
and jaundice protocols. Prior to CT, ERCP was contem- 
plated in 37 patients. Seven of these patients underwent 
ERCP after CT, as did an additional three patients in 
whom it was not planned before CT. This yields a net 





Fig. 7.—D4 T4 rating. 21-year-old male with mild hypertension and 
elevated urine vanillylmandelic acid. Intravenous urogram demonstrated 
right suprarenal mass and possible left suprarenal mass. Ultrasound 
confirmed mass on right but could not identify mass in left suprarenal 
area. Contrast-enhanced CT scan demonstrated large mass anterior to 
right kidney (black arrows) and smaller mass anterior to left kidney (white 
arrows). Both were later confirmed by angiography. Surgical exploration 
of both adrenal glands was performed and bilateral pheochromocytomas 
removed. 





Fig. 8.—D5 T5 rating. 58-year-old male with 4 year 
history of progressive myasthenia gravis. Conventional 
tomography of mediastinum performed on two pre- 
vious occasions and on admission were normal. CT 
through upper mediastinum disclosed small mass an- 
terior to arch of aorta (arrows). Surgery revealed 3 cm 
thymoma. 


reduction of 27 examinations (73%) under the number 
felt to have been definitely or probably needed before 
CT. 
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TABLE 6 
Patient Discomfort Evaluation 











Rating (%) 
No. Pa- 
tients S Some Uncomforta- Very Extremely 
Discomfort ble Uncomfortable Uncomfortable 
BOW COT ccdicecscacsivosin 100 61 23 4 9 2 
Ultrasonography ........... 53 83 17 0 0 0 
Radionuclide study ........ 9 55 45 0 0 0 
Angiography ..........-.-: 13 15 3 8 23 46 
Lymphangiography ........ 10 30 4) 10 10 10 
Endoscopic retrograde chol- 
angiopancreatography ... 10 0 J 50 50 0 





Types of Altered Therapy 


CT contributed to a change in therapy (T4, T5) in 32 
patients (17%). These alterations were of three types. 
Planned therapy was changed in 15 patients because the 
disease which had been expected was excluded or 
shown to be less severe. In 16 patients new therapy was 
undertaken because the disease was shown to be more 
severe than previously anticipated. In a final patient, 
disease was shown to be so extensive that all treatments, 
except supportive measures, were abandoned. 

At the time of initial CT request, surgery was a pro- 
spective treatment in 92 patients, but was not carried 
out, for many reasons, in 40. CT contributed to the 
decision not to perform surgery in 21 of these 40. Of the 
92 patients in whom surgery was not planned, 11 ulti- 
mately underwent a surgical procedure during the same 
hospitalization. CT helped prompt surgery in two of 
these 11. Thus CT contributed to a net reduction of 19 
operations, 21% below the 92 provisionally planned 
before CT. Of the 21 patients in whom planned surgery 
was avoided, 12 were inpatients. For eight of these 12 
patients, a total of 36 matched historical controls were 
identified. The frequency of invasive diagnostic tests, 
including angiography, ERCP, and biopsy, was no 
greater in historical controls than in study patients, and 
the average length of stay for controls (12 days) was 
approximately one-half that of these study patients (23 
days). Of the control patients, 21 were type 1, 10 were 
type 2, and five, type 3. Only five (14%) of the 36 
historical controls underwent surgery. 

For the 12 inpatients in whom surgery was avoided, 
three could be matched with seven additional study 
patients who were within 5 years of age and who had 
similar pre-CT and final diagnoses. Of these seven, three 
underwent surgery while in the hospital, making the 
proportion of study patients within these age and diag- 
nostic groupings who had surgery equal to 3/19 or 
approximately 16%, a rate similar to the rate of surgery 
in the historical control group. 


Health Outcome 


In follow-up ranging to 11 months, 14 of the 32 patients 
(44%) rated T4 or T5 had died, nine having expired within 
4 months of the CT examination. The remaining 18 
patients were still alive after a minimum of 5 months 
following CT examination. 


Teble 6 analyzes the results of a patient survey of 
discomfort associated with different imaging examina- 
tions. Among the three noninvasive techniques, CT was 
the enly one rated as uncomfortable or worse. The 
discomfort was, for the most part, attributed to back 
pair experienced from lying on the examination table. 
Invasive techniques, particularly angiography, were 
found to be associated with greater discomfort. 


Discussion 


This study demonstrates the feasibility of evaluating 
the efficacy of CT through protocols which measure 
diacmostic understanding and therapeutic plans at se- 
lected points in the care of patients. The very favorable 
respense-completion rate of 82% from a wide variety of 
physicians can be attributed to: (1) interest in tne tech- 
nique generated by favorable results achieved in cranial 
CT scanning; (2) recognition of the need for such an 
eva'uation and the participation of interested c inicians 
in the design of protocols; (3) absence of a patient 
examination charge; and (4) rapid, personal communi- 
catior of all CT examination results and personal com- 
munication with delinquent respondents. 

Numerous investigators have attested to the useful- 
ness of CT [12-14]. Prior communications have evalu- 
ated the diagnostic accuracy of body CT [3, 15-17], 
compared it with other imaging techniques [3, 18-20] 
anc estimated clinical efficacy [21]. Many of these early 
eva uations could be criticized as having been performed 
by radiologists generally enthusiastic about this new 
technique and therefore potentially biased. By contrast, 
this study includes the participation of a large group of 
refesring physicians, several radiologists, and a health 
car2 evaluator. Integration of CT into a general abdomi- 
nal radiology section which included ultrasonography 
dampened the tendency to favor any one technique. 
Aveilability of at least three radiologists during nterpre- 
tatizn of examinations also had the potential “or over- 
coming single observer bias as well as inexperience. 

Earlier reports have emphasized the importance of 
measuring the efficacy of CT and other radiologic pro- 
cecures at several levels including, specifically, diagnos- 
tic understanding, choice of therapy, and patent out- 
come [22-24]. It could be argued that CT should be 
judged primarily on its contribution to diagnostic under- 
standing since it is functionally a diagnostic technique. 
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However, the high cost of this diagnostic resource and 
the need to avoid inappropriate utilization argue fora 
more complete evaluation. 

This study found that CT made a substantial contribu- 
tion to diagnostic understanding in 41% of patients, 
contributed to a change in therapeutic plans in 17%, and 
improved precision of previously planned treatment in 
10%. Two studies which examined the effect of diagnos- 
tic laboratory tests on patient management found that 
only 5%-7% of these tests affected treatment decisions 
[25, 26]. Body CT contributed to a change in treatment 
plan more frequently than did cranial CT in an earlier 
study at this hospital [24] (fig. 9). The impact of body CT 
was slightly greater even though its effect was measured 
in the first 6 months of use while the assessment of 
cranial CT was conducted after several years of experi- 
ence. These findings alone do not provide a complete 
comparison of the therapeutic contribution of CT in the 
head and body, since it is difficult to estimate the extent 
to which CT alone contributes to a decision to change 
therapy in an individual patient. Furthermore, different 
changes in therapy make variable contributions to health 
outcome. 

The measured clinical value of body CT depends in 
large part on the selection of patients included for study. 
The extent to which the protocols include diseases or 
regions not suited to CT examination or exclude classes 
of patients in whom CT might be relatively valuable will 
diminish its apparent contribution. For example, the 
lung protocol was directed to preoperative staging of 
patients with bronchogenic carcinoma and did not in- 
clude investigation of possible pulmonary metastases, 
subsequently shown to be a promising application of CT 
[27]. Furthermore, since the apparent value of CT varies 
among the selected protocols, the proportion of patients 
examined under each protocol will affect the overall 
value of CT. 

For those patients included in the protocols, the mea- 
Sured diagnostic value of CT depends on the level of 
diagnostic understanding achieved if CT were not avail- 
able. This, in turn, is related to the experience and 
expertise of the referring physician, data collected from 
history and physical examination, and information pro- 
vided by other diagnostic tests. For example, the low 
value ratings for patients in the lymphoma protocol 
could reflect the information gained from lymphangio- 
grams. In these patients, the marginal contribution of CT 
to treatment change was small (T4 or T5 rated in only 
one of 17 patients). If CT had been used alone. its 
apparent contribution might be higher since almost 50% 
of patients with Hodgkin's lymphoma were rated T3 (i.e., 
increased confidence in treatment chosen on the basis 
of other information). On the other hand, in patients with 
mediastinal disease, CT appears to contribute frequently 
to therapeutic changes (T4 or T5 rated in three of eight 
patients) despite performance of other appropriate diag- 
nostic tests. 

Therapeutic efficacy attributable to CT will depend on 
the etiology and stage of the patient's disease and the 
availability of alternative therapies. The fact that CT 
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Fig. 9.—Comparison of effect of cranial and body 
CT on therapy. Assessment was made after 2 years of 
experience with cranial CT and during first 6 months of 
application of body CT. 


contributed to a decision to change treatment (T4, T5) 
does not mean that no change in treatment would have 
occurred without CT. The historical control group for 
patients in whom planned surgery was abandoned sug- 
gests that such decisions had been previously made in 
the absence of CT information. 

CT reassured the physician about previously planned 
therapy (T3) much more often (43%) than it contributed 
to a decision to initiate new therapy (17%). In a popula- 
tion of patients with diseases as severe as those studied. 
increased confidence in treatment by physicians, pa- 
tients, and families should not be undervalued. Notewor- 
thy in this regard was the finding that the precision of 
treament was improved in 20% of the T3 group. 

The measured effects on precision of treatment do not 
include the patients scanned on a separate radiotherapy 
protocol [10]. Among the first 20 patients scanned prior 
to carrying out planned radiotherapy, there was an 
adjustment in dose or field size based on CT in 15 (75%). 
In six of these patients, the adjustment was sufficient to 
alter the radiotherapist’s judgment regarding the pa- 
tient’s prognosis. In five of the six patients, the informa- 
tion from CT led to an increased dose or field size anda 
more guarded judgment of prognosis. 

The contribution of CT to health outcome will depend 
on the relative effectiveness of alternative treatments 
and response of individual patients to chosen therapy. 
Using the efficacy standard of health outcome, the indi- 
cation of a normal state by CT in a patient erroneously 
diagnosed as having disease may have greater benefit 
than improved definition of an already documented con- 
dition. For many malignant tumors in which CT more 
precisely defines the etiology, extent, or stage, survival 
is limited in spite of appropriate therapies. While the 
diagnostic contribution of CT will likely improve with 
increasing experience, technologic advances, and con- 
tinuing refinements in eligibility criteria, unless a parallel 
improvement occurs in effectiveness of therapy, survival 
will be unchanged. On the other hand, improved quality 
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of life as indicated by allayed anxiety and increased 
physical comfort, is also an important part of the contin- 
uum of health outcome. Patients may thus avoid the 
performance of tests which are generally judged to be 
more uncomfortable than CT and associated with 
greater, albeit small, morbidity and mortality [28-30]. 

This study and others [18, 31] suggest that substantial 
reductions in invasive diagnostic tests, such as angiog- 
raphy and lymphangiography, may be realized following 
performance of a CT examination. However, the need 
and capacity to perform such invasive examinations will 
not be eliminated, so that considerable fixed costs will 
persist. In addition, early discharge in patients hospital- 
ized with severe medical problems should not be ex- 
pected as a consequence of a diagnostic test such as 
CT. The severity of the disease of hospitalized patients in 
this study is reflected by average length of stay which 
was more than twice that for all hospitalized patients. 

This investigation does not depend on histologic proof 
as the sole diagnostic standard, but relies on the final 
diagnostic assessment of the referring physician. This 
approach is a practical adaptation in a clinical setting 
and provides a realistic measure of the contribution of 
CT in all patients, not just those in whom tissue confir- 
mation is available. If histologic proof were to establish 
a diagnosis different from the discharge diagnosis, this 
might either increase the diagnostic rating when CT had 
been previously interpreted as misleading (D1, D2) or 
decrease the rating when CT erroneously was thought to 
have contributed to defining the final diagnoses (D4, 
D5). An additional source of potential bias was the lack 
of data from the 18% uncompleted protocols. The direc- 
tion and magnitude of either of these considerations are 
impossible to estimate. 

Studies which identify the contribution of CT at each 
level of efficacy and relate those results to presenting 
patient characteristics will be essential in the rational 
allocation of resources and clinical utilization of this 
technique. Perception of the value of CT depends in 
large measure on the level of efficacy at which one 
chooses to focus. Specifying contributions at each level 
should allow more informed discussion of the need for 
CT scanners and clarify some of the reasons for differ- 
ences of opinion. 
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Observations on the Medical Efficacy of Computed Tomography of the 
Chest and Abdomen 


ALAN H. ROBBINS,’ ROBERT D. PUGATCH,' STEPHEN G. S=RZOF,’ LEENDERT J. FALING,? WILLARD C. 
JOHNSON,? AND DAVID E SEWELL® 


In a retrospective study of 687 computed tomographic (CT) 
examinations of the chest and abdomen performed over a 1 
year period, 16% of the examinations produced information 
not otherwise available which altered patient diagnosis, prog- 
nosis, or therapy. Sixteen thoracotomies and 18 laparotomies 
were avoided as a result of information available only from CT 
examinations. CT was of particular value in the evaluation of 
mediastinal masses, in the assessment of suspected or 
proven lung cancer, and in the evaluation of pleural and 
extrapleural masses. It was of notable clinical value in evalu- 
ating patients with intraabdominal abscesses, pancreatic dis- 
ease, staging of malignancies for radiation therapy and sur- 
gery, and excluding the presence of suspected masses. 


In July 1976, a total body computed tomographic scan- 
ner was installed in the radiology department at the 
Boston Veterans Administration Hospital. After an initial 
6 months experience, data collection was begun to 
assess the clinical impact of computed tomography (CT) 
of the chest and abdomen on patient management. This 
paper summarizes the retrospective study of those data. 


Materials and Methods 


Between January and December 1977, 687 CT examinations 
were performed. There were 416 chest and 271 abdominal ex- 
aminations; 65 noncerebral examinations of miscellaneous type 
have not been included. Patients were referred from the inpa- 
tient and outpatient medical and surgical services of the Boston 
Veterans Administration Hospital as well as from nearby federal 
hospitals. All patients were studied using an Ohio Nuclear Delta 
50 total body scanner with a 2.5 min scan time and 256 x 256 
matrix [1]. Scans were routinely performed in the supine posi- 
tion except when the gravitational effect of other positions was 
desired. For purposes of this study, the abdomen is defined as 
extending from the symphysis pubis to the dome of the dia- 
phragm. Included in the chest are all anatomic structures 
from the posterior costophrenic sulci through the lung apices. 

CT scans of the abdomen were performed when intraabdom- 
inal or retroperitoneal masses, usually neoplastic or inflamma- 
tory, were suspected. Of the patients who had abdominal CT 
studies, 93% had prior abdominal ultrasound examination. In 
general, the patient in whom a satisfactory diagnostic end point 
was attained by ultrasound was not considered for a CT exami- 
nation. In a few patients, primary abdominal ultrasound exami- 
nation was not performed because abdominal gaseous disten- 
sion, residual barium, healing incisions, or other factors were 
judged by the physician or radiologist in charge to render 
ultrasound an unlikely source of diagnostic information. 

Indications for CT of the chest fell into four broad categories: 
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eval ion of suspected or proven carcinoma of the lung, 41%; 
pleura and chest wall abnormalities, 26%; further evaluation of 
suspected or proven hilar and mediastinal masses, 20%; and 
detect >n of pulmonary metastases, 12%. 

Each CT examination was retrospectively evaluated with 
reget to its impact on patient management and them catego- 
rized im the following manner: (1) CT provided information not 
othem#ise available which changed patient diagnosis, prog- 
noss, or therapy; (2) CT provided information not otherwise 
availaEle but without effect on patient diagnosis, prognosis, or 
thera; and (3) no new information was obtained from CT. In 
addtien, patients within category 1 were further assessed as to 
whether a major surgical procedure was avoidec because of in- 
formaaon provided by CT examination. 

Tr=sprimary evaluation of each CT study was done by the radi- 
ologi= in charge of that case, usually at the time of theexamina- 
tior > shortly thereafter. If after considering availabie clinical 
datasnd other imaging studies he placed the case in category 3, 
thet ro further evaluation was performed. Cases considered to 
be zasegory 1 or 2 were then reviewed by a second radiologist 
(ussady A. H. Robbins) and then reevaluated. Any case about 
whect there was disagreement between the two radiologists 
was crouped in the lowest category chosen by either. Finally, 
all cases which both radiologists considered to be eategory 1 
we-e eviewed as often as possible with the clin cians in charge 
of “he patient to ascertain follow-up informatior and to confirm 
the categorization of impact. The great majority of this infor- 
maticn was obtained during service work conferences at which 
time “he cases were discussed in detail. In some instances this 
desermination was made after review of the patient record and 
discussion with one of the clinician authors. If the clinicians 
cortsultec did not concur with the category 1 rating, then the 
paat was placed in category 2. Any case listed as having 
su-eery obviated was so categorized with the concurrent judg- 
memtsof the senior surgical staff. 

t should be stressed that this information was not gathered 
by ary rigidly predesigned protocol or questionnaire. Rather, 
case were reviewed by radiologists and clinicians concerned 
uspe all of the available clinical information in an attempt to 
clase fy cases into one of the three categories. Although this 
approach at evaluating efficacy is by no means definitive, it 
reoresents an attempt to carry out such a study during the 
course of performing a large number of examinations at a time 
wher radiologists and clinicians were together learning how to 
use end apply this new tool. 


Results 


Te overall results are summarized in table 1. In 108 
(WSS), CT provided unique information that had signifi- 
cam clinical impact (category 1). In 163 (24%), CT pro- 
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vided unique information but did not alter patient man- 
agement (category 2). Nevertheless, this information 
Clarified or further supported existing clinical impres- 
sions on many occasions. The final diagnoses of patients 
in category 1 are listed in tables 2 and 3. In the entire 
series, CT provided information which obviated major 
Surgery in 34 (5%); specifically, 16 thoracotomies and 18 
laparotomies (tables 4 and 5). 


Chest CT 


Our indications for CT of the chest evolved prior to this 
Study during our initial 6 month experience in which 
both conventional tomography and CT were often per- 
formed on the same patient. It rapidly became apparent 
to the radiologists and clinicians that CT was better 
Suited than conventional tomography in the evaluation 
of many chest lesions for the following reasons: CT 
examination time was shorter than that of conventional 
tomography, CT defined anatomic relationships better 
than conventional tomography, CT scans were less sus- 
ceptible to artefact, and in certain circumstances tissue 
attenuation numbers afforded tissue-specific informa- 
tion not available by conventional tomography. 

Not surprisingly, CT examination of chest lesions has 
been responsible for a measurable decrease in the use of 
chest fluoroscopy and conventional chest tomography at 
our institution (fig. 1). In certain circumstances, tomog- 
raphy has also been performed if the radiologist or a 
clinician felt that additional significant diagnostic data 
could be obtained. This was usually in the case of 
solitary pulmonary nodules in which CT and conven- 
tional tomography have in fact often been complimen- 
tary. This is in part due to loss of resolution because of 
the prolonged scanning time with our CT machine. 

While chest CT was clinically important (category 1) in 
all four broad indications previously listed, it was of 
greatest value in the evaluation of mediastinal widening 
and mass lesions. Eleven patients were shown to have 
either a fatty, cystic, or vascular basis for their chest film 
abnormality. In six of these patients, further diagnostic 
and therapeutic workup ceased and exploratory thora- 
cotomy was obviated. In the patients evaluated for sus- 
pected or proven lung carcinoma, CT was useful in 
detecting other pulmonary foci of malignant disease, 
mediastinal involvement by tumor, or a benign pattern of 
calcification within solitary nodules. Such findings were 
of clinical significance in 12 patients, obviating thoracot- 
omy in six. 

One of the most valuable aspects of CT was the 
anatomic information it provided in patients who had 
Surgical intervention. The demonstration of unexpected 
hilar adenopathy, of unanticipated extent and location of 
disease, and of distortion of air-containing structures 
has afforded better planning for both the type and extent 
of surgery subsequently performed. Demonstration of 
adenopathy provided specific target areas for mediasti- 
nascopic biopsies. 

In patients with abnormalities in which distinction 
between a pulmonary parenchymal or pleural lesion was 


TABLE 1 
Clinical value of CT 











Category Chest Abdomen 
No. % 
Unique information with signifi- 
cant clinical impact* ....... 45 63 108 16 
Unique information without sig- 
nificant clinical impact ..... 80 83 163 24 
No new information ........... 291 125 416 60 
FOUN wos tadadeoders ye beans 416 271 687 100 








Data on patients studied during 1977 at Boston Veterans Administration Hospital. 
* See text for definition. 


TABLE 2 


Thoracic Problems for which CT Altered Patient Diagnosis, 
Prognosis, or Therapy 


























Final Diagnosis No. 
Carcinoma DOING cikie xaceici-cnn d aa 8 
Empyema due to bronchopleural fistula .......... 6 
Pulmonary granuloma...................-.. 00 ee. 4 
Chest wall or other extra pleural mass ............ 4 
PRCA CVE och dia scswiiveedeascd ecakaieekes 3 
Asbestosis with pleural placque.................. 3 
Loculated pleural effusion ....................... 3 
Mediastinal lipomatosis ......................... 2 
Pulmonary metastasis ................0......00.. 2 
Thrombosed aneurysms .................0000000. 2 
Malignant mediastinal adenopathy ............... 2 
OMental NEMIBUON i sécicicadisasescsccdeceeccue 1 
Azygous continuation vena cava ................. 1 
Mediastinal lipoma (?thymolipoma) .............. 1 
Tuberculous mediastinitis ....................... 1 
Osteomyelitis with mediastinal extension ......... 1 
Malignant thymoma .............000 0 ccc cece eee ee 1 
DE b2cenunt tonsa eeee hab eenn anol ey becca! 45 
TABLE 3 


Abdominal Problems for which CT Altered 
Patient Diagnosis, Prognosis, or Therapy 








Final Diagnosis 








Normal mass excluded .............. 
OE PRSTE REEE ek Grae ees 
Pancreatic pseudocyst .............. 
Pancreatic carcinoma............... 
Rectal carcinoma ................... 
POT GUE css xteuuwiocedvevsandecans 
Radiation therapy planning .......... 
A CEICINOMA E S 
Post operative hematoma ........... 
Retroperitoneal lymphoma .......... 
Sigmoid carcinoma ................. 
EEn.. iis cca paddenseeteninsaccas 
LIVETr GNGIOSAIOOMA 26 oie bis becce snes 
Retroperitoneal yolk sac tumor ...... 
S A INS CHE oa OA P 
GAMO COCINOMA oiis 
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Initial Diagnosis 


Localized mediastinal widening .... 
Bilateral mediastinal widening 
Posterior mediastinal mass 
Left sided pericardial mass 
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Thoracotomy Avoided as a =ssult cf CT 
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Final Diagnosis 


Mediastinal fat deposition 

Mediastinal lipomatosis 

Hiatal hernia, massive omental hesniation 
Pericardial cyst or diverticulum 


Comment 


CT demonstrated localized fat deposition 
CT demonstrated diffuse fat deposition 
Mass separate from hernia entirely fat 

CT demonstrated cystic mobile mass 


Pericardial cyst 
Lipoma (?thymolipoma) 
Tuberculous mediastinitis 


Right cardiophrenic angle mass ... 
Anterior mediastinal mass 
Probable lymphema............... 


ET CANOES EEPE TET 
Right upper lobe carcinoma ....... 
invasion 
Solitary pulmonary nodule......... Bilateral lung cancer 
Pulmonary granuloma 


Pulmonary granuloma 


Solitary pulmonary nodule......... 
Solitary pulmonary nodule......... 
Asbestosis, ?parenchymal lesion... 
Asbestosis, pulmonary nodule 
Asbestosis, ?parenchymal lesion... 
Lytic bone-metastasis 


CELA. 


Asbestos placque 
Osteomyelitis 


6 6S Os 2s 6) 8 Oe 


Metastatic renal cell carcinoma 
Right upper lobe carcinoma mediastinal 


Asbestosis with pleural placques 
Asbestos related pleural thickening 


CT demonstrated cystic mass 

CT demonstrated fatty mass 

Mediastinoscopy performed rather than thora- 
cotomy 

CT detected second pulmonary lesion 

CT showed mediastinal involvement 


CT demonstrated second lesion, bilateral CT 
biopsy — carcinoma 

Dense calcification on CT 

Dense calcification on CT 

CT showed multiple pleural placques 

False positive conventional tomogram 

CT showed multiple calcified pleural placques 

CT-guided biopsy of paraspinal mass provided 
bacteriologic diagnosis 
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TABLE 5 
Abdominal Surgery Avoided as a Result of CT 
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Initial Diagnosis 


Subphrenic abscess 
TADO innra A a AEE 
?Subphrenic abscess 
?Recurrent retroperitoneal abscess 


Psoas abscess 


S.C 6-66 (8 O18. 16.8 Oe 


aR a eT E r oie ds ccadincciade eee eee ees No abscess 
Probable abdominal abscess (peritonitis 

secondary to diverticulitis) ................... No abscess 
TAppendicneal ADSCOSS. «osc shoes scsdceessenses No abscess 
PFENNIG ORDONE ok iho eae keh EE Pelvic abscess 
Recurrent DeWIG GDSCESE. ..6.5.cci ccc ce en cceeass Lymphocele 


SONG DOMUOOOIEE sg 65 gas een uke ks crehasnne 
Pleuroperitoneal fistula secondary to erosion by 

pancreatic pseudocyst 
Pancreatic pseudocyst 
Pancreatic pseudocyst 
Carcinoma pancreas 


Se O66) 0.0 8, BBG Oe el O80 8 REE 8 


a. OS OURO 8S Soe ALMAE E Oe Le ee oe Oy ee 


metastasis 
Carcinoma head of pancreas .................. Lymphoma 
Treated Hodgkins disease, ?subdiaphragmatic 
MEO: LEEN E E E E Normal 
Metastasis lumbar vertebra ................... Osteomyelitis 
PUR SDIGON eiaa Normal 


not evident, CT was the source of clinically significant 
information in 16 patients. Thoracotomy was avoided in 
three patients with asbestos exposure where suspected 
pulmonary lesions were shown to be pleural in location. 
In six cases of suppurative lung disease, appropriate 
management of bronchopleural fistula resulted only after 
the demonstration of this complication by CT. 

In patients with primary nonpulmonary neoplasms 
being evaluated for pulmonary metastasis, CT was clini- 
cally valuable in two, showing sites of involvement not 
recognized prior to CT. 


Final Diagnosis 


Subphrenic abscess 
Subhepatic abscess 
Subphrenic abscess 


Simple pseudocyst 


No pseudocyst or fistula 
Pancreatic pseudocyst 
Pancreatic pseudocyst 
Carcinoma pancrees liver 





Comment 


Drained percutaneously 
Drained percutaneously 
Drained percutaneously 
Drained percutaneously 
No surgery 


No exploration 

No surgery, patient remains well 

Drained percutaneously 

Drained percutaneously 

Needle aspirate showed sterile fluid, 
emergency surgery canceled 


Surgery canceled, patient remains we'l 
Drained percutaneously 

Drained percutaneously 

Confirmed by needle aspiration 


Diagnosed by needle aspiration 


Confirmatory exploration canceled 
Diagnosed by CT-guided needle aspiration 
No surgery 


Abdominal CT 


CT was particularly valuable in both the recognition 
and treatment of abdominal abscesses. Inceed, percuta- 
neeus catheter drainage of five of these abscesses was 
the mode of therapy. While many abscesses can be 
diagnosed by ultrasound, identification and localization 
of surrounding normal structures may present a problem 
whan needle aspiration and percutaneous drainage are 
coniemplated. The anatomic specificity of CT has pro- 
vided the information necessary for safe percutaneous 
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COMPUTED CHEST TOMOGRAPHY 





CHEST X-RAY 


CHEST FLUOROSCOPY 
75 


NUMBER OF PROCEDURES 
° 


25 


CHEST TOMOGRAPHY 


25 


v 9/75 3/76 9/76 3/77 9/77 


QUARTER ENDING 


Fig. 1.—Selected radiologic procedures used in the 
evaluation of chest disease at the Boston Veterans Admin- 
istration Hospital. 


drainage without damage to surrounding organs. This 
has been the subject of previous reports from our insti- 
tution and others [2, 3]. 

It is also apparent from table 3 that CT was notably 
effective in the diagnosis of inflammatory and neoplastic 
diseases of the pancreas. It should not be concluded 
from these data, however, that CT was the first diagnos- 
tic modality in suspected pancreatic pseudocyst. The 
majority of patients in our institution with pancreatic 
pseudocyst are diagnosed and followed by ultrasonog- 
raphy. Most of the patients identified in this series were 
those in whom diagnostic ultrasound was either incon- 
clusive or not performed due to bandages, barium, 
recent surgical wounds, or body habitus. Some did have 
ultrasonography which was diagnostic but in whom CT 
provided the anatomic detail necessary to permit simple 
needle aspiration and drainage. In addition, CT has 
provided a direct measurement of pseudocyst wall thick- 
ness, a preoperative indication of the maturity of the 
pseudocyst wall. 

The advantages of CT in x-ray therapy planning have 
been well described [4, 5].* It is not surprising, therefore, 
that in three of our cases radiotherapy portals were 
changed as the result of CT information. 


* Editors note.— See also Emami et al. and Ragan and Perez in this 
issue. 


TABLE 6 


Suspected Abdominal Masses Shown 
Nonexistent by CT 





Lesion Suspected No. 
Retroperitoneal lymphoma .... 5 
Pancreatic pseudocyst ........ 2 
Retroperitoneal mass ......... 2 
Pelvic abscess ................ 1 
Pericecal abscess............. 1 
Retroperitoneal abscess....... 1 
Pancreatic abscess ........... 1 
Recurrent renal carcinoma .... 1 
Adrenal mass ................. 1 
Ischiorectal fossa mass........ a 

IED PEN EEA ur E E 16 





CT was of value in surgical staging of malignant 
tumors. This is exemplified by the three rectal carcino- 
mas (table 3). Although surgery was not avoided, signifi- 
cant surgical decisions were made on the basis of the 
information provided by CT scan. Two were suspected 
of urinary tract extension clinically. CT showed intact fat 
planes and an uninvolved rectovesical septum, permit- 
ting a simple resection rather than total pelvic exentera- 
tion. In the other case, CT demonstrated extent beyond 
the rectum not previously recognized, and exenteration 
was performed in place of a more limited procedure. 

Also noteworthy were the 16 studies which led to the 
exclusion of a suspected mass (table 6). These were 
characteristically retroperitoneal, which highlights the 
ease with which the retroperitoneum is evaluated by CT, 
as opposed to inferior venacavography or lymphangiog- 
raphy, or other alternatives. 


Discussion 


CT is without question a significant diagnostic modal- 
ity for examining the chest and abdomen. While it is 
impossible to accurately measure the extent to which 
other diagnostic modalities are being supplanted by CT, 
it is Our very clear impression that many complicated 
and/or time-consuming diagnostic procedures are being 
bypassed in favor of CT because of its accuracy and ease 
of use. In the case of chest tomography and chest 
fluoroscopy, our data verify this impression. 

It is also clear that CT can have a major impact on 
medical and surgical management. In our study vital 
clinical information was provided by 16% of CT exami- 
nations. This is highlighted in the 16 patients in whom 
thoracotomy and the 18 patients in whom laparotomy 
was obviated because of clinically important information 
provided only by CT. It is difficult to identify the dollar 
impact of the surgical procedures that were deferred 
because operating room time and bed occupancy would 
still have been used due to waiting lists for our facility. 
Hopefully the resource expenditure for surgery was bet- 
ter utilized for other patients who were more likely to 
benefit. 

A few of these patients may have ultimately forgone 
Surgery for other reasons. Our results, however, are not 
unlike those being noted at other facilities. Data pooled 
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from five Veterans Administration hospitals (including 
some of the data in this report) showed that CT provided 
unique information which altered patient diagnosis, 
prognosis, or therapy in 27% of 1,604 examinations 
performed. Moreover, it was felt that information from 
these examinations was the factor in rendering 107 
major operations unnecessary [6]. Nor are our results 
dissimilar from those of a considerably more sophisti- 
cated prospective study with a well defined control 
group recently reported from the Massachusetts General 
Hospital [7].* There it was noted that CT contributed to a 
change in therapy in 17% of studies and increased 
confidence in an existing diagnosis in another 43%. 
Furthermore, in the 184 patients studied, a net of 19 
operations were avoided. 

The medical efficacy of CT has been hotly contested 
by physicians and health planners alike [8-10]. Our 
results support the favorable impressions of many pre- 
vious reports [11-23] and the view that CT is unquestion- 
ably a major diagnostic improvement when used in 
appropriate clinical settings. We must conclude from our 
review that CT can provide important clinical information 
which, in a significant number of patients, is not other- 
wise available. In our institution that information has 
been vital in making many diagnoses, in rendering ther- 
apy, and in influencing other important clinical deci- 
sions. 


* Editor's note. — See Wittenberg et al. in this issue. 
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Computed Body Tomography in Children: Evaluation of 45 Patients 


ROBERT C. BRASCH,' MELVYN KOROBKIN, AND CHARLES A. GOODING 


Computed tomographic (CT) body scans from a series of 45 
infants and children were reviewed for the indications leading 
to the examinations, for technical quality of the images, and 
for diagnostic value of CT scanning. Useful diagnostic infor- 
mation was obtained in 30 of the 39 cases with technically 
satisfactory images. Individual case reports of CT examina- 
tions including findings from other imaging studies demon- 
strate how CT can interface with other methods to yield 
additional diagnostic information. Methods of patient prepa- 
ration and suggested indications for CT body scan examina- 
tions of children are presented. 


Early reports on the use of computed tomography (CT) 
of the body suggest a significant potential for the diag- 
nosis of disease in tissues and organs in addition to 
those of the head [1-3]. Useful diagnostic information 
gained from CT head scanning in children has led to its 
acceptance as a valuable modality in neuroradiologic 
diagnosis [4-6]. To date, only one published report 
addresses the topic of extracranial CT body scanning in 
children [7]. The role of CT body scanning in children is 
yet to be determined and is largely dependent on the 
establishment of an acceptable benefit-to-risk ratio [8]. 
Both benefit and risk may be different for pediatric and 
adult populations. 

This paper presents an initial impression of our expe- 
rience with CT body scanning based on the first 45 
children examined at the University of California San 
Francisco Medical Center. Indications for examinations, 
methods of patient preparation, and several illustrative 
cases demonstrating diagnostic potential of the CT ex- 
amination are presented. Evaluation of the overall tech- 
nical quality of our pediatric CT scans was made. An 
estimate of value for each CT examination, based upon 
follow-up clinical data, is presented. 


Subjects and Methods 


This report is based on the initial 45 CT body examinations of 
patients 16 years old or younger. Routes for referral of pediatric 
patients for CT body scans were similar to adult patients, with 
35 children coming from our own medical center and the 
remainder referred from nearby hospitals. Twenty-four children 
were studied with a production prototype EMl-Tronics body 
scanner (model CT 5000) with a 20 sec scan time. Another 21 
children were studied with a prototype General Electric scanner 
(mode! CT/T) with a 4.8 sec scan time. 

A wide variety of clinical situations led to the request for CT 
body scanning. In no instance was CT the first radiographic 
method used to investigate a clinical problem. CT was generally 
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performed after completion of conventional diagnostic exami- 
nationsincluding, when appropriate, conventional radiography, 
angiography, ultrasonography, and nuclear medicine proce- 
dures. If results of these diagnostic examinations were equivo- 
cal or contradictory, or if it was thought that CT might provide 
additional helpful information, the request for CT was aceepted. 

In general, little preparation was required prior to the CT 
examination of infants and children. Patients fasted 4-6 hr 
before examination because intravenous radiocontrast material 
is sometimes administered with the attendant risk of vemiting 
and aspiration. We attempted to have the gastrointestinal tract 
relatively free of barium because very dense material, particu- 
larly in association with bowel peristalsis, may introduce scan- 
ning arti‘acts (3]. Children younger than 2 years usvally required 
no sedation but were snugly restrained on wooder boards with 
elastic bandages. Dim lights were found to help thes2 small 
children sleep during the procedure. Children 3-6 years old 
often weuld not lie still and required sedation, either 500-1 ,500 
mg of chloral hydrate by mouth or phenergan 1 mg/kg and 
phenobarbital 2 mg/kg intramuscularly. Children over 6 years, 
after words of explanation and assurance, voluntarily remained 
still and could suspend respiration for 5-20 sec when requested. 
Occasionally a patient was too ill to suspend respiration. 

The medical records of all 45 pediatric patients were reviewed 
following the CT examinations. Follow-up periods ranged from 
2 to 10smonths. The clinical problems leading to the request for 
the CT examination were recorded and categorized. Results of 
diagnostic imaging studies performed before CT were noted. 
Surgical notes, pathology reports, and clinical outcomes were 
sought to allow formation of impressions of the usefulness of 
CT scanning, or lack thereof, for each patient. The record 
review led to a decision for each case as to whether the CT scan 
was of value and, if valuable, in what manner. Three radiologists 
evaluated the technical quality of the CT images. Relationships 
betweer image quality, patient age, and physician experience 
were sought. 


Results 


Of the 45 infants and children studied with CT body 
scanners, 21 were male and 24 female. Three patients 
were 4 days to 1 year old, 14 were 1-5 years, 11 were 6- 
10 years, and 17 were 11-16. The mean age was € years. 
The face and neck were scanned in two patients, extrem- 
ities in four. pelvis in five, chest in nine, and abdomen in 
25. Pediatric patients who received CT head scans on 
the whole body CT scanners were excluded from this 
report. 

The overall technical quality of the 45 scans as judged 
by three radiologists was quite satisfactory, a lowing 
formation of diagnostic impressions in 39 cases. In six 
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cases the CT images were either marred by artifacts or 
the organs were so poorly defined that a diagnostic 
impression could not be formulated with confidence. 
Four of the six unsatisfactory studies occurred in chil- 
dren less than 6 years old. In general, the quality of the 
scans improved concurrently with increased physician 
experience in the handling of pediatric patients and the 
new CT devices. Five of the six unsatisfactory cases 
occurred in the first 20 children examined and five of six 
occurred with the slower, 20 sec scanner. Respiratory 
motion in patients who could not suspend respiration 
did not introduce significant artifacts with the 4.8 sec 
scanner in body regions other than the chest. For chest 
scans of patients who could not suspend respiration, the 
GE scanner with the shorter scan time tended to result in 
less motion artifact. However, to our knowledge a con- 
trolled clinical study of scanning time and its influence 
on motion artifacts is not yet available. 

CT images of infants and the younger children tended 
to demonstrate anatomic detail less well compared to 
images of older children. The greater difficulty in defin- 
ing Organs and tissue interfaces in smaller children was 
apparently due to multiple factors. Small size alone 
could not account for all the difference, since indistinct 
anatomic margins were still apparent after electronic 
magnification. Patient motion, particularly respiratory 
motion, was more common in younger children. Further- 
more, small children have relatively less of the perivis- 
ceral fat which normally allows for the sharp delineation 
of organs seen in older, fatter patients. Despite the 
relative greater indistinctness of some anatomic detail in 
the very young patients, considerable diagnostic infor- 
mation could be obtained by scanning even 4-day-old 
babies. 


Categories of Inquiry 


Review of the medical records of the 45 infants and 
children undergoing body CT revealed five major cate- 


A 


gories of inquiry which led to the request for the CT 
examinations: (1) determine location and extent of di- 
sease; (2) determine nature of mass lesion; (3) plan 
Surgical approach; (4) assess response to therapy; and 
(5) differentiate obstructive from nonobstructive jaun- 
dice. 

The first category of inquiry, determination of the 
location and extent of pathologic processes, was the 
most frequent indication for CT examination in our 
patients. Pathologic processes, particularly mass le- 
sions, were often identified on physical examination or 
by conventional radiographic examinations. CT was then 
requested to ascertain more precise definition of the full 
extent of the lesions and their relationships to surround- 
ing organs. For example, the CT examination was able 
to (1) clearly differentiate pleural-based lesions from 
parenchymal lesions within the chest and to define their 
size (fig. 1); (2) demonstrate muscle invasion by a soft 
tissue tumor of the buttock (fig. 2); and (3) demonstrate 





Fig. 2.—Scan with patient prone demonstrating desmoid tumor of 
buttock with invasion of gluteus muscle (arrow) confirmed at surgery. 
Plain film radiography did not define anatomic relationships of this 
noncalcified soft tissue tumor. CT provided basis for Surgical excision by 
defining size, location, and apparent invasion. 





Fig. 1.—Scans through chest of 8-year-old girl with primary rhabdomyosarcoma previously resected from apex of right hemithorax. Follow-up 
conventional chest radiography and linear chest tomography only demonstrated midchest lesion (A) but failed to reveal four metastases in costophrenic 
sulcus (8, arrows). Pleural-based locations of metastases are defined by CT. With knowledge of these multiple metastases, inappropriate local forms of 


therapy were avoided. 
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the relationship to adjacent organs of masses within the 
abdomen (fig. X. 

The histologic differentiation of abnormal tissue was 
not possible by CT imaging, but the differential diagnos- 
tic possibilities were sometimes limited and/or specific 
pathologic processes suggested. In one patient, CT was 
the only examination that correctly suggested the diag- 
nosis of a subcapsular splenic hematoma (fig. 4A). In 
another patient. CT showed marked enhancement of the 
rim of a soft tissue lesion that correctly suggested the 
diagnosis of an inflammatory lesion (fig. 5). The clinical 
impression had been that of a soft tissue neoplasm. 

The value of CT in demonstrating anatomic relation- 
ships that facilitate optimal surgical planning is illus- 





Fig. 3.—Scan through pelvis of 11-year-old boy after intravenous 
injection of contrast medium showing pheochromocytoma (arrow) in- 
denting bladder wall. Tumor was physically adherent to bladder and was 
surgically removed without entering peritoneal compartment. Cystogram 
with oblique views did not demonstrate bladder indentation, even in 
retrospect. Aortography demonstrated location and vascular nature of 
tumor. 


trated b» figure 5. None of the other preoperative studies, 
includimg diagnostic ultrasound, demonstrated exten- 
sion of the lesion into the retroperitoneal space. The 
surgica approach for the removal of an extraadrenal 
pheoch-omocytoma in a different patient (fig. 3) was also 
plannec on the basis of the CT findings. 

CT scanning was requested to evaluate response to 
therapy most frequently in children with malignancies 
treatee with radiation and/or chemotherapy. In one pa- 
tient wich biopsy-proven lymphoma, CT demonstrated a 
characteristic mantle of abnormal retroperitoneal tissue 
anterie to the spine, obliterating the silhouettes of the 
aorta amd inferior vena cava (fig. 6). 

Diffeeentiation of obstructive from nonobstructive 





Fig = — Scan of 15-year-old boy in prone position demonstrating left 
flank mzs extending through quadratus lumborum muscle into retroper- 
itonealb@ompartment (small arrow). Rim of mass (large arrow) enhanced 
in density after administration of contrast medium. At surgery, sterile 
abscess°was drained. Sonogram had identified mass but did not predict 
retropertoneal extension. Ultrasound findings were consistent with clin- 
ical diacnosis of rhabdomyosarcoma, but CT suggested correct diagno- 
sis of acscess 





Fig. 4.—Splenic lesions in two patients. A, Scan through upper abdomen of 12-year-old boy after contrast medium injection demonstrating area of 
low density (arrow) on lateral aspect of spleen. Note straight interface with medially cempressed splenic tissue. Ultrasonogram revealed “large spleen” 
but did not demonstrate differential pattern for medial and lateral aspects. CT dagnostic impression of subcapsular hematoma was confirmed 
surgically. When hematoma was drained, normal splenic tissue was left in vivo. E, Scan through upper abdomen of 16-year-old boy with clinically 
suspected subcapsular hematoma demonstrating round, intrasplenic, low density rea. Ultrasonographic appearance was similar to CT scan and 


suggested fluid nature of lesion. At surgery, simple cyst with clear fluid was removed from spleen without splenectomy. 
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Fig. 6.—Scan through abdomen of 14-year-old girl with biopsy-proven 
lymphoma demonstrating mass of retroperitoneal nodes (N) anterior to 
vertebral column with displacement of contrast-filled duodenum. Ascitic 
fluid with low density is noted lateral to liver and spleen. Contrast 
medium was given orally and intravenously. 


jaundice was requested in only one of our 45 pediatric 
patients (fig. 7), but there is considerable reported ex- 
perience to indicate a high accuracy in making this 
distinction with CT in adults (9, 10]. Curvilinear low 
density structures within the liver usually indicate the 
presence of dilated intrahepatic biliary ducts. Because 
normal portal venous structures may occasionally simu- 
late dilated biliary ducts [11], injection of contrast mate- 
rial to enhance and identify the portal veins is sometimes 
useful. 


Value of CT Body Scanning 


The value of CT body scanning in our 45 pediatric 
patients lay primarily in the ability to provide additional 
diagnostic information in cases of known or strongly 
Suspected disease. The nature of this additional diagnos- 
tic information is categorized in table 1 with the relative 
frequency of each category. The six technically unsatis- 
factory cases contributed no valuable information and 
are excluded. Another nine patients had technically 
Satisfactory examinations but the CT images either failed 
to answer the clinical question or, in one case, the 
images suggested a false diagnosis. For the remaining 
30 patients valuable diagnostic information was ob- 
tained. In several instances, the information was valuable 
in more than one way. For instance. sometimes the CT 
results both better defined the location and extent of 
disease and limited the differential diagnostic possibili- 
ties. In three cases the CT images provided unique 
imaging information leading to a single correct diagno- 
sis. CT examinations performed after conventional diag- 
nostic radiographic studies allowed exclusion of diag- 
nostic possiblities suggested by the conventional studies 
in three instances. For five patients, CT only confirmed 
the diagnostic impression of the conventional imaging 
examinations. CT examinations were also helpful as an 
aid in planning surgical approach and in providing base- 
line or follow-up information for therapy. 





Fig. 7.—Scan through abdomen of 16-year-old boy with biopsy-proven 
cirrhosis after recent onset of Progressive jaundice. No dilated intrahe- 
patic biliary ducts were demonstrated. Inhomogenous, low density area 
lateral to liver (white arrows) and low density area (black arrow) beneath 
liver capsule were diagnosed as extracapsular and subcapsular hemato- 
mas and were attributed to recent percutaneous liver biopsy. Biopsy 
procedure was thought to have been without complication. Partial 
resolution of hematomas was confirmed by follow-up CT 4 weeks later. 
Inhomogeneity of extracapsular lesion probably reflects clotted blood 
and organization. 


TABLE 1 
Categories of Diagnostic Information 























Categories of Usefulness isra 
Improved definition of location and extent of disease .... 18 
Limited differential diagnostic possibilities ............. 10 
Confirmed previous diagnostic imaging examinations (in- 
CHOU OCI DE ites evden p entenocecn cc. 5 
Excluded possible diagnosis Suggested by previous im- 
PONG SEMI TTET T O ca. 3 
Provided unique diagnostic information leading to single, 
correct diagnosis ................................... 3 
Demonstrated anatomic relationships leading to plan for 
Surgical approach .................................. 3 
Provided baseline or follow-up information for therapy .. 4 
Provided no helpful information ....................... 9 





Note. — Data from 39 technically satisfactory CT studies. 


Discussion 


Extracranial CT is just beginning to develop. As with 
other new diagnostic methods, it has been used with 
caution by pediatricians in our hospital. This report 
represents only a preliminary assessment of the initial 
use of body CT in evaluation of pediatric patients: it is 
not intended to be a comprehensive or definitive evalua- 
tion. The group of children undergoing this examination 
was a highly select one, often referred for Study after a 
partial or complete conventional diagnostic evaluation 
using One or more of the traditional imaging techniques. 
No attempt was made to employ a random prospective 
Study in order to definitively assess the relative value of 
CT in specific clinical situations. An extensive and impar- 


BODY CT IN CHILDREN 25 


tial evaluation of much larger numbers of patients will be 
necessary to accomplish that goal. 

Despite the limited scope of this study, several prelim- 
inary conclusions seem justified. The results indicate 
that CT of the body can be used for even the youngest, 
smallest patients. No lower limit for age need be applied. 
The major difficulties encountered with infants include 
motion artifact, small object size, and relative paucity of 
perivisceral fat. For the most part, these problems may 
be overcome by the use of adequate immobilization or 
sedation, by electronic magnification of the image, and 
by appropriate use of radiocontrast material. Future 
improvements in equipment resulting in improved reso- 
lution and shorter scanning time may result in an even 
higher rate of technically satisfactory studies. 

For 30 of the 45 patients included in this series (66%), 
the CT images were felt to provide useful information. 
The ultimate value of such information is difficult to 
assess, particularly if patient well-being is used as the 
measure. It is impossible to state with certainty what 
would have happened to our patients had the CT exami- 
nations not been performed. Even when the CT results 
simply confirmed the findings of other diagnostic stud- 
ies, they strenghtened the diagnostic impression and 
hastened appropriate therapy. For the three patients in 
whom the diagnosis was made primarily with the CT 
examination, value is readily ascribed. 

The evaluation of CT body scanning in children will 
require a continual effort by radiologists and their clini- 
cal colleagues. Technical advances and the advent of 
even newer diagnostic methods add complexity to this 
evaluation. Our initial experience suggests that CT body 
scanning is a promising and frequently valuable tool for 
the diagnosis of disease in children. 


10. 
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Cranial Computed Tomography in Diagnesis and Management of Acute 
Head Traume 


ROBERT A. ZIMMERMAN,' LARISSA T. BILANIUK,’ THOMAS GENNARELLI,*? DEREK BRUCE ,? 
CAROL DOLINSKAS,' AND BARBARA UZZELL' 


Review of the computed tomographic findings in 286 pa- 
tients with acute craniocerebral trauma revealed several 
types of lesions: hemorrhagic contusion, intracerebral and 
extracerebral hematomas, general and focal cerebral swell- 
ing, and shearing injury of the cerebral white matter. Hemor- 
rhagic contusions are the most frequent lesion and may result 
in focal neurologic deficits. General cerebral swelling occurs 
frequently in children and necessitates prompt medical man- 
agement for complete recovery. Mortality rates for intracere- 
bral, subdural, and epidural hematomas were lower for this 
series than for series that preceded computed tomography. 
Because of the availability of computed tomography, there 
was an 84% reduction in arteriography, 58% reduction in 
surgical intervention, and a 24% reduction in skull radiogra- 


phy. 


Craniocerebral trauma is one of the most frequent and 
grave forms of neurologic disease [1]. Its etiology is 
obvious, yet the biomechanics of its production and the 
pathophysiology of its course are not entirely under- 
stood. Proper therapeutic management can only be 
based on correct diagnosis and appreciation of the 
temporal course of the disease process. Computed to- 
mography (CT) represents a major breakthrough in the 
investigation of head injuries. It not only reveals 
promptly, accurately, and noninvasively the trauma-re- 
lated abnormalities that were previously demonstrated 
Only by invasive radiology methods, but also shows 
intracranial abnormalities that were previously recog- 
nized only at autopsy. Thus the visualization of gross 
neuropathology is possible during life. Moreover, 
through sequential studies, CT reveals the time course 
of various trauma-related processes. 

Application of cranial CT to acute craniocerebral 
trauma has been reported by de Villasante and Taveras 
[2], Ambrose et al. [3], and others [4-15]. It has become 
evident that CT is indispensable in the diagnosis of the 
various traumatic lesions and in the management of 
trauma patients. Still, the question remains whether CT 
also carries prognostic value. To investigate this point, a 
protocol was set up under contract from the National 
Institutes of Health whereby the results of sequential CT 
examinations were systematically compared and corre- 
lated with clinical and laboratory findings. This report 
deals with the results obtained on 286 patients studied 
under the protocol at the Hospital of the University of 
Pennsylvania during the past 2 years. 
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Subjects and Methods 


From July 1975 through June 1977, 320 patients with nonpe- 
netrating craniocerebral trauma were studied by CT. In 286 
patients. 20th the presenting symptomatology and the traumatic 
episode vere of acute origin. The initial CT examination was 
performed immediately after trauma or within a few days of it. 
The mode of acute injury is given in table 1. 

Of the 286 acute head trauma patients, 142 (49.7%) were 
adult anc 144 (50.3%) were children (17 years of age or under). 
The age and Sex distribution of this group of patients is given in 
table 2. Fediatric patients represented 50% of the patients with 
acute head injuries hospitalized at the Children’s Hospital of 
Philade mia during the 2 year period. The remaining 50% of the 
pediatric head injuries were not examined by CT because the 
patients Bad only minimal or no disturbance of consciousness; 
priority fer CT examinations was given to patients with more 
urgent meurologic problems. 

All patents were evaluated clinically on presentation at the 
hospita! end assigned a clinical grade from 1 to 4: 1 = minimal 
to no dS wurbance on consciousness; 2 = minimal to maderate 
disturbarce of consciousness, with (2B) or without (2A) focal 
neurologec deficit; 3 = significant disturbance of conscious- 
ness, wien (3B) or without (3A) neurologic deficit; and 4 = 
comatose with pain response, with (4B) or without (4A) focal 
neurologec deficit. CT examination was then carried out using 
an EMI ark | scanner with a 160 x 160 matrix. 

Additscna! radiographic studies (skull and spine radiography, 
selective arteriography, radionuclide brain scan and flow stud- 
ies) were performed if clinically indicated. Patients were evalu- 
ated clinecally during the course of hospitalization and were 
routinely reexamined by CT. Among the 148 more severely 
injured patients (clinical grades 3 and 4) and the 138 less 
severely injured patients (grades 1 and 2), 80% and 48%, 
respect vely, were studied by sequential CT examination. Autop- 
sies wee obtained in 15 of the 28 deaths, and in most instances 
the braim= were sectioned to correspond to the planes of section 
of the CT scans. 

The C` examinations were evaluated by several radiologists 
and neur>surgceons at frequent clinical conferences and review 
sessions. Serial examinations were interpreted by comparison 
with pre@eding studies and, in some cases, initial diagnostic 
impresSens were revised. The diagnostic interpretations re- 
ported w this paper are the final on-line working diagnoses 
accepted by the group responsible for this prospective mvesti- 
gation. 


CT and Clinical Findings 


The €T findings in the 286 patients examined with 
acute trauma are summarized in table 3. They are subdi- 
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TABLE 1 
Mode of Injury in Acute Head Trauma 
Mode of Pediatric Adult sla 
Injury Patients Patients iis, % 
Automobile* .. 71 42 113 39.5 
POI eeerrrrrre 43 40 83 29.0 
Se re 24 37 61 21.3 
Unknown..... 6 23 29 10.1 
TOU ccc, 144 142 286 100 
* Struck by or within. 
TABLE 2 
Age and Sex Distribution 
Age and Sex No. % 
Pediatric (years): 
Dee EAE NPE EA 28 19 
PPT EEE E T 72 50 
nE S y EEEE O EOT 44 31 
Adult (years) 
i | E E So 39 
OE wane tare a oeepawe 43 30 
BO cave ttaktidoseedaxeeda 44 31 
Male: 
POGIQUIC sisi civeidciins 101 70 
POU ich seeisewdsiewseae 112 79 
Female: 
POO EE TEET E 43 30 
POU E EET 30 21 


vided into three groups: (1) no focal abnormality; (2) 
intracerebral focal abnormality; and (3) extracerebral 
focal abnormality. The outcome in terms of mortality 
with respect to clinical grades is given in tables 4 and 5 
and with respect to CT findings in table 6. 


Nonfocal Injuries 


Normal or minimal abnormality. A total of 119 patients 
(41.6%) had a normal CT examination or one that did not 
show a definable focal or diffuse traumatic abnormality 
other than minimal subarachnoid hemorrhage, de- 
pressed fracture, or limited pneumocephalus. Of these 
patients, 25% were clinically grades 3 and 4, and 14% 
initially had focal neurologic deficits. There were no 
trauma-related deaths, and only a 2.5% incidence of 
persistent focal neurologic deficit. 

Acute general cerebral swelling. Compression or obli- 
teration of the lateral and third ventricles and perimesen- 
. cephalic cisterns was demonstrated in 46 patients 
(16.1%) (fig. 1); 36 were 17 years of age or under. Of the 
46 patients, 83% were initially grade 3 or 4. Of the 
children, 19% had focal neurologic deficits at presenta- 
tion. Neurologic deficit persisted in one child (3%). The 
mortality in pediatric patients was two of 36, in adults 
five of 10. 

Shearing injury of the cerebral white matter. Eight 
patients (2.8%), all grade 4 and all injured in automobile 
accidents, had CT findings reflecting a diffuse traumatic 
injury of the cerebral white matter. These consisted of 


eccentric hemorrhage in the corpus callosum (fig. 2), 
diffuse cerebral swelling, subarachnoid hemorrhage, 
and, less frequently but importantly, hemorrhage around 
the third ventricle, at the cerebral cortical medullary 
juncture, in the brain stem, and in the lateral ventricles. 
Four patients died (50%), three have significant neuro- 
logic deficits, and one remains in a persistent vegetative 
state. 


Focal Intracerebral Abnormality 


Hemorrhagic contusion. In 61 patients (21.3%) the CT 
findings showed a cortical area of heterogeneously inter- 
spersed blood between more lucent areas of necrotic 
tissue and edema. These were identified as hemorrhagic 
contusions (fig. 3). In 29% the contusions were multiple; 
39% were associated with another significant focal mass 
lesion (e.g., subdural hematoma). The hemorrhagic con- 
tusion was three times as common in the adult as in the 
child. Of the patients with hemorrhagic contusions (with 
or without associated mass lesions), 72% were clinically 
grade 3 or 4; 75% had skull fractures compared to 51% 
of the general trauma population. In 20% the fracture 
was depressed. 

The overall mortality for 37 patients who only had 
contusion was 19%. The mortality for those with associ- 
ated mass lesion was 45%. Similarly, the incidence of 
persistent neurologic deficit increased from 16% for 
uncomplicated contusions to 50% for those with associ- 
ated mass lesions. 

Intracerebral hematoma. Eighteen patients (6.3%) had 
a relatively large homogeneous well defined mass of 
blood density (fig. 4) demonstrated by CT. These were 
identified as hematomas and distinguished from hemor- 
rhagic contusions. The masses were usually frontal or 
temporal, and in one-third there was intraventricular 
extension. Two-thirds of the patients were adult, and 
78% of the patients were clinically grade 3 or 4. Overall 
mortality was one-third. Neurologic deficit persisted in 
17%. 

Focal cerebral swelling. Twelve patients (4.2%) had CT 
findings of focal cerebral swelling, presumably edema 
which may be due to infarction or contusion. Of these 
patients, 75% were children and two-thirds were grade 3 
or 4. There were no deaths. Two patients had persistent 
neurologic deficit. 


Focal Extracerebral Abnormality 


Acute subdural hematoma. Thirty-six patients (12.5%) 
had CT findings of an acute subdural hematoma—a 
peripheral crescentric band of blood encapsulating a 
portion of the cerebral hemisphere (fig. 5). In half of 
these patients CT demonstrated an area of underlying 
hemorrhagic contusion and/or laceration. Among the 
other half, there were many instances where a swelling 
without obvious hemorrhage underlay the subdural he- 
matoma, so that the mass effect was disproportionately 
large compared to the size of the subdural hematoma 
(fig. 5). Of the patients with subdural hematomas, 75% 
were adult and 75% were clinically grade 3 or 4. Of the 
patients with acute subdural hematomas, 31% died. 
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TABLE 3 
CT Findings According to Ci nical Grade 


Finding 


Nonfocal: 
Normal or minimal abnormality” 42 
General cerebral swelling er 
Diffuse shearing injury of cerebral 
WHEE MANET o eerror 
Focal abnormality: 
Intracerebral: 
Hemorrhagic contusion ....... 6 
Intracerebral hematoma ....... 2 
Focal cerebral swelling ........ 
Extracerebral: 
Acute subdural hematoma..... 2 
Epidural hematoma ........... 2 


Note.—A patient may have more than one finding. 


* Minimal subarachnoid hemorrhage, depressed fracture, or limited pneusms™cephelus. 


TABLE 4 


Acute Pediatric Head Injury Patients According to Admission 
Clinical Grade and Mortality 


Admission N % of No poet 
Clinical Pediatric 
Patients s Deaths Grade 
Grade Patients Dying (%) 
i MEE AE EET 24 16.7 0 0 
Dake E PEE 36 25 0 0 
< eer eer re 52 36.1 0 0 
E PEREON 32 22.2 8 25 
TO Pee 144 100 8 5.6 
TABLE 5 


Acute Adult Head Injury Patients According to Admission 
Clinical Grade and Mortality 


Admission % of Patiems in 
Clinical Pe Adult Pain pl 
Grade Patients Dying (%) 
DL  cagess tokeeee 43 30.3 0 0 
SP hen ive R E 35 24.6 2 5.7 
ed accpit amg wa eho ak 26 18.3 0 0 
s EEE ou 38 26.8 18 47.4 
TONE iiA 142 100 20 14.0 


Neurologic deficits persisted in one-third of the survi- 
vors. 

Epidural hematoma. Fourteen patients (4.9%) had ep- 
idural hematomas. In 13, the collections were biconvex, 
peripheral, and demarcated by either sutures or the edge 
of the stripped dura (fig. 6). In 57%, the mass effect was 
due solely to the epidural hematoma, whereas hemor- 
rhagic contusion contributed to the mass effect in 29%, 
and underlying swelling to the mass effect in 14%. Adults 
constituted 64% of this group, and 79% were grade 3 or 
4. One patient died (7%) and two have persistent neuro- 
logic deficit (14%). 


Clinical Grace — 
= a 
A = 4 Examined 
o 5 5 14 4.9 
TABLE 6 


Mortality Related to CT Findings 


Trauma 
eT No. Related to 
Finding Patients Mortality 
(%) 
Nontocal: 
Nemal or minimal abnormality ... 19 0 
Gere=al cerebral swelling ........ 36 (child) 6 
10 (adult) 50 
Dituse shearing injury of cerebral 
U Du isi PEE E 8 50 
Foca normality: 
Intaeerebral: 
-tenorrhagic contusion ........ 61 26* 
mt.acerebral hematoma ........ 18 33 
“osal cerebral swelling......... 12 0 
=-trecerebral: 
Acate subdural hematoma...... 36 31 
=Epadural hematoma ............ 14 f 


*4=< with associated mass lesion, 19% without. 


Other Findings 
Skul Radiography 


S<url radiography was performed on 76% of patients 
with acute head injuries. Films were normal in 31% of 
the cfildren and in 33% of the adults with significant 
intrac anial abnormality demonstrated by CT. Skull films 
were poSitive for fracture in 32% of children and 23% of 
adute in whom there was no significant intracranial 
abrornality on CT. Skull fractures were associated with 
sigt ifzant intracranial lesions demonstrable by CT in 
69%.cf children and in 67% of adults (table 7). 


Arteriegraphy 


Avwaographic procedures were performed on 16 adults 
anc tree children as part of the initial diagnostic evalu- 
atian. Of tne 19 studies, 13 were performed at hospitals 
witf o at CT equipment prior to transfer of the patient. Of 
the 1£ arteriographic procedures, 58% were performed 
dur ne the first quarter of the study. 
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Fig. 1.—General cerebral swelling in 6-year-old female struck by car 
and rendered immediately comatose. A, Day of injury. Compression of 
lateral ventricles bilaterally. Subarachnoid hemorrhage is present in 
interhemispheric fissure (arrows). B, 36 days after injury. Lateral ventri- 
cles are top normal in size. Patient is clinically normal. 


Fig. 2.—Diffuse shearing in- 
jury of cerebral white matter in 
4-year-old female in coma after 
automobile injury. Day of injury. 
Hemorrhage eccentrically on left 
side of corpus callosum. Bilat- 
eral cerebral swelling is present. 
Patient died. 


Fig. 3.—Hemorrhagic contu- 
sion in 22-year-old male with 
moderate disturbance of con- 
sciousness and left-side weak- 
ness after severe beating. Multi- 
ple right frontal and temporal 
skull fractures were present. Day 
of injury. Extensive right frontal 
and temporal areas of hemor- 
rhagic contusion (arrows). Pa- 
tient is neurologically normal 5 
months after injury. 





Of the 286 patients with acute injuries, 120 satisfied 
the clinical criteria for arteriography [16]. They fell into 
clinical grades 2B, 3B, 4B (disturbance of consciousness 
with focal neurologic findings), and 4A (coma with pain 
response only, without focal neurologic findings). In the 
pre-CT era, all of these patients would have undergone 
arteriography. 

In 13 cases (68%), the CT scans and arteriograms 
demonstrated the same abnormality (five acute subdural 





Fig. 4.—Intracerebral hematoma with intraventricular extension in 35- 
year-old male who fell while drunk and was admitted in stuporous state 
with right hemiparesis. A, Day of injury. Large left frontal intracerebral 
hematoma within white matter, with extension into frontal horn (arrows) 
of lateral ventricle. Blood is present in third ventricle and opposite frontal 
horn. B, 173 days after injury and surgical evacuation of hematoma. Note 
focal left frontal encephalomalacia (arrowheads) and left frontal horn 
enlargement (arrows). Patient has right-side weakness 1 year after injury. 





Fig. 5.—Acute subdural hematoma in 36-year-old male admitted in 
coma, with pain response only, after fall. A, Day of injury. Small acute 
left subdural hematoma (arrows) with disproportionate mass effect 
(compression left lateral ventricle). B, 83 days after injury. Bilateral 
atrophic ventricular enlargement. Patient has marked recent memory 
loss and spastic hemiparesis. 


hematomas, four intracerebral hematomas, two hemor- 
rhagic contusions, one epidural hematoma, and one 
negative examination), but the CT scan gave better 
quality information. In five cases (26%), the diagnosis 
had been missed on the arteriographic examination but 
was made by CT (two epidural hematomas, two hemor- 
rhagic contusions, and one shearing injury). The angio- 
graphic information was superior to CT in one of 19 
patients, inasmuch as a traumatic carotid artery occlu- 
sion was demonstrated whereas CT merely showed in- 
farction of the cerebral hemisphere. 


Ventriculography 


One adult patient with a brain stem hematoma second- 
ary to herniation from cerebral swelling and hemorrhagic 
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Fig. 6.—Acute epidural hematoma in 52-year-old male who suffered 
right temperoparietal skull fracture after falling. Neurologic examination 
was normal and patient was wide awake at time of CT examination. A, 
Day of injury. Large right temperoparietal epidural hematoma with 
compression and shift of right lateral ventricle. B, Day after injury (and 
evacuation of epidural hematoma). Scan is normal and patient was 
normal clinically. 


TABLE 7 
Incidence of Skull Fracture 

















— na Fractures 

CT Finding and Patient Group k (%) 
Negative: 

FOGIDING sic5icsads 68 32 

POUT P EE 77 23 
Positive: 

POCIGING sisscrssii 31 69 

31] RRE ET 33 67 








Note. — Data based on 218 of 286 patients (76%). 


contusion was studied by emergency ventriculography. 
The ventriculographic findings confirmed the CT dem- 
onstration of brain stem enlargement. 


Surgery 


Craniotomy was performed on nine children and 24 
adults; 13 epidural, 14 acute subdural, and six intrace- 
rebral hematomas were evacuated. All patients with 
epidural, 83% of those with intracerebral, and 64% of 
those with acute subdural hematomas who underwent 
surgery survived. Numerous other patients had elevation 
of depressed skull fractures, insertion of subarachnoid 
bolts or intraventricular cannulas for intracranial pres- 
sure monitoring, and closure of scalp lacerations. 


Autopsy 


There was excellent correlation between all gross 
lesions identified on the CT scan (intra- and extracere- 
bral hematomas, hemorrhagic contusions, swelling) and 
the neuropathologic findings. A portion of the small, 
very superficial, and usually minimally hemorrhagic con- 
tusions cf the outer cortex was not identified by CT. 
Review of the CT examinations in these patients demon- 
strated that these contusions could often not be appre- 
ciated even in retrospect. Linear fractures of the calvar- 


ium and cranial base obvious at autopsy, and often on 
skull radiography, were usually not identified by CT 
unless depressed, separated, or secondarily suggested 
by bhod in the sinuses or mastoid air cells. 


Discussion 
Clinical Findings and CT 


The patients with acute nonpenetrating cerebral injury 
can be procnostically subdivided on the bas s of clinical 
findings into three categories: (1) those with cerebral 
and ¢or) bodily injury incompatible with survival; (2) 
those in a persistent vegetative state; and (3) those who 
recower within a period of time [17]. During the initial 
acute period, neurologic examination often cannot dis- 
tingtish between patients in these groups. Patients with 
nonfatal forms of mechanical injury and superimposed 
secandary injury (due to hypoxia, hypoperfusion, hyper- 
carb a) appear clinically identical to those with severe 
forms of biomechanical disruption. CT plays a major role 
by demonstrating the absence of significant parenchy- 
mal esion and by revealing changes due to secondary 
injury at a time when they are still reversible. In this type 
of in ury, CT may be very helpful in management because 
it may obviate the need for more invasive procedures, 
suck as angiography, ventriculography, or surgery, 
which in themselves could have a deleterious effect on 
the already labile condition of the patient. 

In the first category are patients with biomechanical 
disruption of the central nervous system so severe that 
they either succumb prior to or shortly after admission 
to the hospital. The damage is sustained at the time of 
impact, and medical attention can do little to alter the 
outceme. CT demonstrates the clinically apparent severe 
biomechanical injury. In this series, the patients with 
severe biomechanical injury fell into clinical group 4, 
wherein 93% of the deaths occurred. 

Patients with shearing injury of the cerebral white 
mater fall into the second clinical category of injury. 
These are patients who sustained biomechanical injury 
of moderate to severe degree which results in persistent 
vegetative state. All eight patients with this type of injury 
had sustained a severe force at the time of high speed 
vehicular collision. The most significant lesion revealed 
by CT in this type of injury was a small hemorrhage in 
the =orpus callosum (fig. 2). It is significant because it is 
a typical manifestation of the shearing injury which 
occurs in this region [18]. Seven of the eignt patients in 
this series passed through a persistent vegetative state. 
Half of the patients died and the survivors showed poor 
recevery. Recognition of the CT pattern of this injury 
immediately after trauma makes prognosis possible. 

Tne pediatric patients with bilateral cerebral swelling 
(fig. 1) represent a distinct group. These patients have a 
different course and outcome from the patients (mostly 
adu ts) with general cerebral swelling associated with 
smell focal hemorrhagic lesions. Acute general cerebral 
swelling in children is most likely due to secondary 
injury. The most widely accepted explanation of the 
SWEling is that a primary change in the cerebrovascular 
resistance occurs (due to traumatic stimulus, hypercar- 
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bia and/or hypotension), resulting in increased cerebral 
blood flow, intraparenchymal vasodilatation, increased 
cerebral blood volume, and reduced cerebral compli- 
ance. This produces bilateral cerebral swelling which 
may lead to edema, or on its own may produce sufficient 
mass effect to result in herniation and death. 

The most common pathologic finding in children who 
die from acute head injury [19] is diffuse cerebral swell- 
ing with obliteration of cerebrospinal fluid spaces and 
with venous congestion of the cortex. Statistical compar- 
ison cannot be made between our series and studies 
performed before CT because no prior diagnostic 
method was capable of demonstrating cerebral swelling 
as definitively as CT. The low mortality (6%) and the low 
morbidity (3%) for cerebral swelling in the present series, 
notwithstanding the high frequency of swelling in the 
pediatric population (24%), indicates that cerebral swell- 
ing need no longer be the most frequent autopsy finding 
following acute pediatric head trauma. Early detection 
by CT and early control of secondary injury are the two 
major factors contributing to a favorable recovery 
(fig. 1). 

All epidural hematomas, a number of large intracere- 
bral hematomas, and large subdural hematomas are life- 
threatening focal mass lesions often amenable to surgi- 
cal correction. Prior to CT, radiologic evaluation of head 
trauma was directed toward detection of these mass 
lesions. By circumventing the delays and risks encoun- 
tered with arteriography, CT permits more rapid and 
accurate identification of these lesions. Also, the general 
condition of the entire brain can be assessed. The 
patient can be taken from the CT scanner to the neuro- 
surgical operating room, and definitive surgery can be 
performed. 

Nowhere is this more clearly demonstrated than in the 
case of the acute epidural hematoma, where the primary 
threat to life is due to the hematoma itself (fig. 6). In case 
of an epidural hematoma that is not associated with 
parenchymal injury [1], the patient may be temporarily 
asymptomatic while the extracerebral life-threatening 
mass expands. Prompt surgical evacuation of the epi- 
dural hematomas in our series resulted in a 100% post- 
operative survival. The low mortality rate in this series 
(table 6) lies well within the 10% figure advanced by 
Hooper [20] as the ideal goal of early diagnosis and 
treatment. Jameison and Yelland [21] reported a mortal- 
ity of 15.6% for epidural hematomas in the pre-CT era. 

The surgical mortality in our series for acute subdural 
hematomas was 36%. The mortality for the nonoperated 
acute subdural hematomas was 27%, which compares 
favorably with the 63%-68% mortality reported prior to 
CT [22, 23]. To a certain degree, this also reflects the 
greater degree of accuracy of CT in identifying less 
symptomatic small acute subdural hematomas that 
might otherwise have gone undetected clinically or by 
other diagnostic studies. It is the parenchymal injury that 
accounts for the mass effect being disproportionately 
large compared to the size of the subdural hematoma, 
when the subdural is small (fig. 5). In the small subdural 
hematoma, surgical evacuation seems to be unneces- 


sary, and treatment should be directed at the medical 
management of the parenchymal injury and its mass 
effect [15]. The underlying parenchymal damage ac- 
counts for the frequent late finding of atrophic ventricu- 
lar enlargement (fig. 5). 

Intracerebral hematomas (fig. 4) can usually be differ- 
entiated from hemorrhagic contusions (fig. 3) by CT. The 
surgical mortality in this series for intracerebral hemato- 
mas was only 13%, which compares favorably with the 
pre-CT mortality figure of 25.4% reported by Jameison 
and Yelland [21]. Hemorrhagic contusion is the most 
frequent focal acute parenchymal abnormality identified 
by CT (21%) in head trauma patients. Its significance 
during the acute period lies in its association with other 
mass lesions and in its contribution to the mass effect, 
as edema develops during the first few days after injury 
[11]. Its ultimate significance is that it may produce 
permanent neurologic dysfunction, focal seizures, and 
psychologic aberration. 


Economic Aspects CT 


The variables in the analysis of cost factors in the 
management of acute head injury are considerable, 
especially with inflation in the cost of hospital care and 
the changing methods of management of acute head 
trauma (many prompted by the information now available 
from CT). An attempt at a retrospective study of cost 
factors for pre-CT trauma patients was undertaken (10 
years, 1964-1973), but an accurate comparison to the 
data corresponding to the period following the advent of 
CT (1974) could not be made. 

One current method of analysis of CT costs [24] uses 
the concept of the cost per positive diagnostic study. On 
the basis of a charge of $225 per CT examination and a 
CT positive incidence rate in this study of 48.4%, the 
cost per positive CT examination was $464.85. This can 
be compared to the per positive cost rate when the 
indications for an examination are symptoms such as 
headache, with a yield of 0.8% positive studies [24]. 
What this method of analysis does not indicate is the 
value of negative or minimally abnormal CT examination 
in the grade 4 comatose trauma patient, wherein the 
clinical evaluation is not capable either of diagnosis or 
prognosis but CT is decisive. 

Cost can also be analyzed in terms of dollars saved 
because of elimination of other diagnostic methods. In 
this study, clinical symptomatology would have war- 
ranted emergency arteriography in a minimum of 120 
patients had CT not been available. This does not include 
patients with clinical grades 2A and 3A, whose neuro- 
logic status deteriorated over several days after injury. 
These patients would also have undergone arteriog- 
raphy. The prevailing cost for a carotid arteriogram is 
around $415. The cost of arteriography for all 120 pa- 
tients would have been $49,800. The 19 arteriograms 
performed cost $7,885. In 13 studies, arteriography was 
performed at other hospitals primarily because they 
lacked CT facilities. In 101 of 107 patients evaluated at 
the Hospital of the University of Pennsylvania, arteriog- 
raphy was felt to be unnecessary after CT. In these 101 
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patients, the difference between the cost of the CT 
examination and arteriography (101 x $190) amounted 
to a saving of $19,190. Analysis of the 19 cases where 
both carotid arteriography and CT were performed re- 
vealed that the same primary diagnosis was reached in 
63%; CT was more accurate than arteriography in 26%, 
and provided less information than arteriography in 5% 
(one case). 

Skull radiographs were performed in 76% of the acute 
head injury population. Prior to CT, 100% of the hospi- 
talized head trauma patients would have had skull ra- 
diography as the first radiologic procedure. The inci- 
dence with which skull radiography is performed on 
patients has progressively decreased during the course 
of this study. Presently, skull examinations are per- 
formed when the patient's condition is sufficiently stabi- 
lized, frequently days after injury, and then for the 
evaluation of facial injury, depressed calvarial fracture, 
or fracture of the cranial base associated with cerebro- 
spinal fluid oto- or rhinorrhea. A certain proportion of 
the present skull radiographic examinations are done 
because of the referring physician's adherence to tradi- 
tional ways of evaluating trauma patients. The results in 
our series indicate that CT is the procedure of choice in 
the initial evaluation of cerebral parenchymal injury, and 
that skull radiography should be reserved for the indica- 
tions mentioned above. Skull radiographic costs are 
about $50 per examination. The savings on the 68 pa- 
tients not examined in this series is 68 x $50, or $3,400. 

Prior to CT, patients with significant head injury asso- 
ciated with focal mass effect and midline shift (demon- 
strated by arteriography or ventriculography) have un- 
dergone craniotomy, surgical exploration, and de- 
compression in many trauma centers [25]. Of the 85 
patients with significant head injury and CT evidence of 
focal mass effect and midline shift, 79 survived long 
enough to be considered for surgery. As a consequence 
of the CT findings (hemorrhagic contusion, focal swell- 
ing, small acute subdural hematoma, small intracerebral 
hematoma), surgery was avoided in 46 of the 79 patients 
(58%) who were then managed medically. The approxi- 
mate neurosurgical fee for craniotomy with exploration 
(excluding operating room and anesthesia) is $1,300. 
This represents a savings in this series of 46 x $1,300, or 
$50,400. Ambrose et al. [3] reported a 94% reduction in 
the number of craniotomies for acute head injury since 
using CT. 


Conclusions 


By accurately differentiating the various forms of gross 
neuropathologic lesions resulting from trauma to the 
brain, CT leads to prompt and more effective treatment. 
Frequently the prognosis can be implied from the CT 
findings. Patients with CT findings consistent with shear- 
ing injury invariably have a poor prognosis. However, the 
pediatric patient with general cerebral swelling has a 
good prognosis when the entity is recognized and 
treated early. The results in this series, when compared 


to the results of neurosurgical series before CT, show a 
Signi icant improvement in mortality rate fcr intracere- 
bral, subdural, and epidural hematomas. There has been 
a progressive decrease in the use of arteriography, skull 
radiagraphy, and in surgical intervention. 
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Computed Tomography in Patients with Cerebrovascular Disease: 
Impact of a New Technology on Patient Care 


ERIC B. LARSON,’ GILBERT S. OMENN,-? AND JOHN W. LOOP? 


The medical care of 157 patients with suspected cerebro- 
vascular disease was analyzed to assess the impact of the 
new technology, computed tomography (CT) of the brain, on 
the care of these patients. A cohort of patients admitted 
before installation of CT was compared to two cohorts admit- 
ted after installation of CT. Length of hospital stay, speed of 
diagnostic workup, treatment, and discharge plans were not 
significantly different. Discharge diagnoses were more spe- 
cific after installation of CT. Lumbar punctures and radionu- 
clide brain scans were used less frequently, but utilization of 
other diagnostic studies was unchanged. Aggregate charges 
for diagnostic procedures actually increased in both after-CT 
groups. 

In this study, addition of CT to the neurodiagnostic arma- 
mentarium resulted in little demonstrable improvement in the 
care of these patients with cerebrovascular disease but did 
increase the cost of evaluation. This is unlike the situation for 
patients with brain tumors, where CT was shown to improve 
care while not increasing cost. These results may help guide 
the use of CT by physicians caring for patients with cerebro- 
vascular disease and suggest that health planners not use all 
patients with cerebrovascular disease in estimating need for 
CT. 


Introduction 


Computed tomography (CT) of the brain is a radiologic 
innovation of major importance in the detection and 
localization of intracranial disease [1-7]. Early reports 
have emphasized the rapidly evolving nature of this new 
technology and have predicted it will cause significant 
changes in medical practice [3, 4]. 

Little is known at present about the actual effects CT 
has had on the care of patients with suspected neuro- 
logic disease. Such information should be of interest to 
physicians involved in patient care, as well as to health 
planners who must determine appropriate allocation of 
CT equipment. CT may substitute for other neurodi- 
agnostic procedures. For example, decreased utilization 
rates of radionuclide brain scanning, pneumoencepha- 
lography, and echoencephalography (but not electroen- 
cephalography or cerebral arteriography) have been re- 
ported from the Mayo Clinic since installation of CT [8]. 
CT may improve other aspects of medical care, resulting 
in rapid and more specific diagnosis, earlier and more ef- 
fective therapy, and shortened hospital stay. 

In this study, we attempt to assess the overall impact 
of CT on a group of hospital patients with suspected 
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cereorevascular disease, the most common inpatient 
neurologic disease [9], and a disease for which CT is 
oftem Used. We analyzed and compared three cohorts of 
patiens admitted before and after the availability of CT 
for frequency and costs of diagnostic procedures, speed 
of worxup, institution of therapy, length of hospital stay, 
discharge diagnosis, and follow-up plans. 


Subjects and Methods 


Study Site 


The study site is a 300 bed general and referral hospital which 
serves patients with the full range of neurologic ciseases. 
Patients are admitted to the hospital by neurologic specialists 
(four neurologists and two neurosurgeons) or other attending 
staff pPysicians. Patients are cared for by house officers and 
attending and consultant physicians. 

In 1674, an EMI CT 1000 brain scanner became operational. 
Since nstallation, steadily increasing numbers of CT scans 
have been performed each month. During the 2 month 1974 
study period (after CT group) 319 scans were performed; 589 
scans were performed during the 2 month 1975 study period (1 
year afer CT group). About half of these scans were for patients 
of the naospital and its clinics; others were referred. The total 
numbe of scans performed on inpatients in the 1974 and 1975 
study »eriods was 60 and 56, respectively. This review was 
performed with the full cooperation of the radiology depart- 
ment, me medical records department, and the business office 
in retrieving data. 


Study Design 


Tare cohorts were formed retrospectively: 56 patients admit- 
ted duming November and December in 1973 (before CT group), 
50 in 974 (after CT group), and 51 in 1975 (1 year after CT 
group) These patients were chosen in an identical manner, as 
follows. All admission “face sheets” for the above mentioned 
time periods were reviewed by one of us (E. B. Larson){1,872 in 
1973; 2,074 in 1974; 1,985 in 1975). A list of all patients admitted 
with a presumptive diagnosis suggesting cerebrovascular dis- 
ease was compiled. These patients’ records were reviewed and 
patiens were included in a cohort when: (1) both the attending 
physican and the admitting house officer considered cerebro- 
vascular disease as a possible admission diagnosis; and (2) the 
suspected cerebrovascular disease was the primary reason for 
admission. 

The group of patients finally selected for detailed study had a 
variety of admission diagnoses, including cerebrovascular ac- 
cident cerebral thrombosis or embolus, subarachnoid hemor- 
rhage. transient ischemic attack, carotid stenosis, basilar artery 
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insufficiency, and such symptomatic diagnoses as seizure and 
personality change in which cerebrovascular accident had to be 
ruled out. These admission diagnoses were subclassified as 
noted in table 1. 


Chart Abstraction 


The selected patient records were abstracted, and informa- 
tion was recorded regarding the patient (age, sex, place of 
residence); the nature of the admission (referral or nonreferral): 
the specialty of the admitting physician; the diagnostic proce- 
dures performed; the time required from admission to make a 
diagnosis which agreed with the discharge diagnosis; the na- 
ture of therapy and how soon therapy was begun; the length of 
Stay; the discharge diagnosis; and follow-up plans. 

The discharge diagnosis was first classified by specificity into 
one of five groups: (1) type of lesion alone was specified: (2) 
location of lesion alone was specified; (3) both location and 
type were specified; (4) discharge diagnosis was symptomatic 
only, not identifying a pathologic process or location: and (5) 
discharge diagnosis was symptomatic only, but a particular 
pathologic process was considered to be eliminated as a possi- 
bility or ruled out. Second, the discharge diagnosis was classi- 
fied in relation to the admission diagnosis as: (1) same as 
admission diagnosis; (2) different from admission diagnosis 
within the same general category, with change unrelated to 
diagnostic procedures; (3) different from admission diagnosis, 
within the same general category, with change related to diag- 
nostic procedures; (4) grossly different from admission diagno- 
sis, with change unrelated to diagnostic procedures; and (5) 
grossly different from admission diagnosis with change related 
to diagnostic procedures. The change was considered related 
to diagnostic procedures when the procedure either confirmed 
a suspected diagnosis or resulted in an unsuspected diagnosis. 
Diagnoses on clinical grounds were classified as changes un- 
related to diagnostic procedures. Changes were considered 
grossly different from admission diagnosis when the diagnosis 
was either (1) not a category of cerebrovascular disease or (2) 
an unsuspected subdural hematoma or a subarachnoid hemor- 
rhage. 


Cost Data (Charges) 


Although there is no universally accepted measure of the true 
economic cost of producing a medical service, billed charges 
can approximate costs to patients and third parties. This infor- 
mation was obtained from the hospital business office. Proce- 
dure charges were standardized to January 1976 billing charges 
for that procedure. Lumbar puncture charges include laboratory 
Studies ordered with that procedure. The estimated overall 
charge for an admission for cerebrovascular disease is based 
on the mean length of stay observed for study patients and 
January 1976 billing charges. 


Data Analysis 


Abstracted data were keypunched, and all results were ana- 
lyzed on a CDC 6400 computer using SPSS programming. 
Statistical significance was assessed using Fischer's two-tailed 
t test or the x° test [10]. 


Results 
Description of Cohorts 


Table 1 shows the similar composition of the three 
cohorts according to presumptive admission diagnoses. 
With regard to other variables (table 2) the three cohorts 
were similar in all respects, except that the 1 year after 


TABLE 1 
Classification of Admission Diagnoses 
S8s—eoa@a3@ss+S0SN0OOOaoaoaoaoaoaoaoaoaoaoaoaoaoaoOamnmnmooaoeoeoqeqeooooo 


Before CT After CT 1 Year After 
Diagnosis 


Cerebrovascular acci- 


| a ar oe 66 37 64 32 61 31 
Subarachnoid hemor- 
PROG EEPE EEE 7 4 6 3 6 3 
Cerebrovascular insuffi- 
ciency syndromes* ... 27 15 30 15 33 17 
S ET 100 56 100 50 100 51 


* Includes transient ischemic attack, basilar insufficiency, carotid insufficiency. 


TABLE 2 
General Comparison of the Three Cohorts 








Before CT 


1 Year After 
After CT CT 


% No. % No. % No. 


GD ETE IEEE T Pee 54 30 54 27” 35 18 
Admitted by neurologists... 55 31 56 28 67 34 
Referred by outside clinic .. 21 12 34 17 37 19 
Admitted through emer- 
QONCY Ward ...ciecscsees 43 24 44 22 47 24 
Note.—Mean ages for the before and 1 year after CT groups were 67.7 years + 
14.5 (SD) and 61.6 + 15.3, respectively (.01 < P < .05 by Fischer's two-tailed t test). 


Mean age for the after CT group was 65.5 + 12.6. 
* .01 <P < 05 by x. 





CT group had more females and a lower mean age (P < 
.05). These differences are unexplained. 


Neurodiagnostic Procedures 


A comparison of diagnostic procedures performed on 
the three cohorts during the hospitalization studied is 
shown in table 3. CT scans were performed on 42% of 
patients in the after CT cohort, but only 26% of patients 
in the 1 year after CT cohort. However, one patient in the 
after CT group and seven in the 1 year after CT group 
had had CT before admission. These scans were gener- 
ally performed during an earlier hospital admission. The 
frequencies of lumbar punctures and of radionuclide 
brain scans decreased after CT was available. Frequen- 
cies of cerebral angiography and electroencephalogra- 
phy were little changed in the three cohorts. Pneumoen- 
cephalography was not performed. The frequency with 
which all of these neurodiagnostic procedures were 
performed prior to admission is comparable for the three 
cohorts. Procedures performed before the admission 
Studied, including CT scans, are not used in tabulation 
of procedures and procedure costs, because these pro- 
cedures were not necessarily ordered to help solve the 
problem precipitating the current admission. This dis- 
tinction, although necessary for consistency, is admit- 
tedly somewhat artificial, since the results of these diag- 
nostic procedures were, of course, noted and used by 
physicians caring for these patients. 

The three cohorts were also comparable for a wide 
variety of other procedures performed during admission, 
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TABLE 3 
Number and Cost of Neurodiacnestic Studies 
LT 
1 Year After CT 





Before CT After CT 
Study ii a 

% No. Cost ($) % Nc Cost ($) % No. Cost ($) 
(CT SOG PEE TT 0 0 0 42 2 4620 26 13 2860 
Lumbar punctures ..........-- 20 19 900 10 3* 300 16 8 480 
Radionuclide brain scans ..... 56 3T 4495 38 13 2755 36 18* 2610 
Electroencephalograms....... 36 20 800 24 12 480 31 16 640 
Angiograms .........--.++++5 22 T2 4380 24 is 4380 28 14 5110 

Tiel 2. ocr cadkanseoes nee bit aO 10,575(188.84) 52 12 ,535(250.70) Poe 51 11,700(229.41) 





Note. — Numbers in parentheses represent average cost per patient. The percentage increase in=o=t in the after CT and 1 year after CT groups was 33% and 22%, respectively. 


* P < .05 by x? test. 


TABLE 4 


Number and Cost of Neurodiagnostic Studies Excluding Patient with Cerebrovascular Insufficiency Syndromes 
—Ee——————-__________ sean 





Before CT 
Procedure 

% No. Cost ($) 
COT SONS DEEE TLE 0 0 0 
Lumbar punctures ............ g 15 900 
Radionuclide brain scans ..... 58 24 3480 
Electroencephalograms ....... 40 16 480 
ANgiOgramMs -sineira 12 5 2190 

WON E E EEE ETE 2.) AT 7 ,050(171.95) 





After CT 1 Year After CT 
% Ne. Cost ($) % No. Cost (5) 
54 tf 4180 32 11 2420 
14 = 300 24 8 480 
te ad 1885 41 14 2030 
29 1C 400 32 11 440 
17 € 2190 21 Pg 2555 
2 8 955(255.86) 34 7,925(233.09) 









Note. — Numbers in parentheses represent average cost per patient. The percentage increase imcoet in the after CT and 1 year after CT groups was 45% and 33%, respectively. 


* P < .05 by x? test. 


including A-mode echoencephalography, subclavian 
and carotid Doppler studies, retinal artery pressure stud- 
ies, and other radiographic studies. These procedures 
are not used in calculating costs of diagnostic proce- 
dures per patient (see below). 

Since 30 of the 34 patients receiving CT scans had 
admission diagnoses of cerebrovascular accident (25 
patients) or subarachnoid hemorrhage (five patients), 
results were recalculated omitting patients with cerebro- 
vascular insufficiency syndromes. The pattern of use of 
neurodiagnostic procedures was the same as for the 
entire group (table 4): significant decreases in utilization 
of lumbar punctures and radionuclide brain scans oc- 
curred after CT. 


Costs (Charges) 


Costs are calculated on the basis of January 1976 
billing charges (table 3). Despite decreases in certain 
other diagnostic procedures (noted above), there was an 
increase in cost of neurodiagnostic procedures averaged 
over the entire cohort in both after CT groups. The 
smaller decrease in the 1 year after CT group occurred 
because seven of the 20 patients who had CT scans had 
them before the admission reviewed. Of the average cost 
per patient ($250.70) in the after CT cohort, $92.40 per 
patient (21/50 x $220) was attributable to charges for CT 
alone: in the 1 year after CT cohort, only $56.08 was 
attributable to charges during the hospital stay for CT 
(table 3). Total hospital charges for a 10 day admission 
for cerebrovascular disease are estimated to be $2,000. 

The charge data for the cohorts limited to patients with 


adm ssion diagnoses of cerebrovascular accident and 
suberechnoid hemorrhage are similar to those above, 
except that cost changes are magnified because a higher 
percertage of patients received CT scans (table ¢). 


Lenctt of Hospitalization 


Mean length of hospital stay was not sign ficantly 
different for the three groups. The before CT cohort 
stayed 10.5 + 1.3 days (mean + SEM), the efter CT 
cohor- stayed 9.9 + 1.6 days (t = .27,P > .7), and the 1 
year ater CT cohort stayed 9.1 + 1.1 days It = B2 P> 
.4). 3ecause this decrease in length of stay might repre- 
sent < trend, we obtained Physicians Activity Survey 
(PAS) data for the hospital concerning length of stay for 
all cerebrovascular accident patients admitted from Oc- 
tober 1973 to December 1975. Mean length of stay for 
these ratients, calculated quarterly for the nine quarters 
in the time period, fluctuated but did not decrease over 
the stedy period. 


Speza of Workup and Therapy 


The time required until the establishment of a diagno- 
sis consistent with the discharge diagnosis was similar 
for the three groups (table 5). The three cohorts received 
simlar therapies begun at comparable times during 
hos2italization. The most common form of therapy in all 
cohors was some form of anticoagulation, defined to 
inclice oral platelet inhibitors which were the most 
frequently used anticoagulants in these cohorts. Of pa- 
tients in the before CT cohort, 40% received anzticoagu- 
lant compared to 44% in the after CT cohort and 49% in 
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TABLE 5 
Speed of Workup 

















Time to Diagnosis Consistent with Dis- Before CT After CT — i 
charge Diagnosis (%) (%) ah 
Within 1 day ................. 73 70 74 
Within 3 days ................ 89 85 94 
Within 5 days ..............., 93 96 100 








Note.—Data from 55 patients before CT. 46 patients after CT, and 50 patients 1 
year after CT. In six cases, time of diagnosis could not be ascertained with certainty. 


the 1 year after CT cohort. Of patients receiving therapy, 
30 of 43 (70%) in the before CT group, 26 of 36 (72%) in 
the after CT group, and 32 of 45 (71%) in the 1 year after 
CT group had therapy begun within the first day of 
hospitalization. The percentage of patients who had 
therapy begun within 3 or 5 days of admission did not dif- 
fer significantly for the three cohorts. 

Since the effects of CT on length of stay, speed of 
diagnostic workup, and therapy may have been obscured 
by including patients with cerebrovascular insufficiency 
syndromes in the analysis (only four of these 32 patients 
received CT), the data were reanalyzed eliminating these 
patients. Length of stay, speed of workup, and therapy 
remained unchanged in both after CT cohorts. 


Specificity of Discharge Diagnosis and Discharge Plans 


There were differences in the specificity of discharge 
diagnoses given patients in the three cohorts. Signifi- 
cantly fewer patients in the after CT groups were dis- 
charged with symptomatic diagnoses only (table 6). Of 
patients in the after CT cohorts, 90% and 92% were 
discharged with a diagnosis which specified location 
and/or type of pathologic process compared to 64% of 
patients in the before CT cohort (P < .01 by x? test). No 
Significant differences were observed when the relation- 
ship of discharge diagnosis to admission diagnosis was 
compared for the three groups. 

There were two in-hospital deaths in the before CT 
cohort compared to one death each in both after CT 
cohorts. The discharge plans (place to which patient was 
discharged and type of follow-up) were similar for the 
three groups. 


Review of Cases Receiving CT Scans 


In order to understand the utility of CT scanning in the 
after CT cohorts, abstracts of all cases receiving CT were 
restudied to identify cases in which CT seemed essential 
for diagnosis. To be considered essential, CT had to 
reveal a lesion that was not diagnosed Clinically or was 
not detected by other diagnostic studies. Using these 
criteria, there were no cases in this series in which CT 
was essential for diagnosis. CT either confirmed abnor- 
malities noted clinically and by other diagnostic studies 
or ruled out abnormalities suggested by the clinical 
presentation. 


Discussion 


Computed tomography of the brain already has an 
important place in medicine. Volumes of literature attest 


TABLE 6 
Specificity of Discharge Diagnosis 


ee 





Before CT After CT 1 Year After 
Level of Specificity sid 

% No. % No. % No. 

Type of lesion only ........ 5 3 34 17 ao T3 

Location of lesion only ..... 20 11 8 4 oe. -Q 

Both location and type ..... 39 22 48 24 67 34 

Symptomatic only ......... 32 18 8 4 4 2 
Symptomatic, “rule out” ac- 

complished ............. 4 2 2 1 4 2 

WOU Aeevasvéatandeavk 100 56 100 50 100 51 


Symptomatic diagnosis* ... 36 20 10 5 8 4 

Diagnosis specifying loca- 

tion and/or type of lesion*.. 64 36 
* P < .01 by x? test. 


90 45 92 47 





to clinical interest in this procedure [11], as does the 
rapid dissemination throughout the United States of this 
expensive, still-evolving technology. Although by April 
1977, 850 CT scanners (costing from about $300,000 to 
over $700,000 each) were installed or approved for in- 
stallation in the United States [12], the overall impact of 
the technology is difficult to ascertain. Eloquent appeals 
have been made for evaluation of its costs and benefits 
[13]. Patients with cerbrovascular disease account for 
about 50% of all neurologic admissions to adult medical 
wards [9] and initially constituted one-third of inpatients 
referred for CT at our study site. Determination of the 
impact of CT on the care of such patients is important 
and may assist decision making about the proper utili- 
zation of CT. 

This investigation was conducted in the setting of an 
uncontrolled clinical trial of CT. We followed three co- 
horts of patients selected on the basis of an admission 
diagnosis of suspected cerebrovascular disease. By 
forming cohorts in this manner, we can compare medical 
care before and after CT. A second after CT cohort was 
Studied to ascertain if changes occurred as clinicians 
gained more experience with CT. Although the patients 
had a variety of admission diagnoses, the groups were 
generally comparable to each other. There was no staff 
turnover among neurologic specialists participating in 
the care of these patients. There were consistent de- 
creases (P < .05) in utilization of lumbar punctures and 
radionuclide brain scans after CT. Nonetheless. the cost 
per person of neurodiagnostic procedures was greater 
after CT in both cohorts, even when the costs of CT were 
distributed over the full cohort. There were no significant 
changes in length of hospital stay, time to diagnosis, 
time to therapy, and type of therapy. The discharge 
diagnoses were more specific in the after CT groups; the 
consequences of this change for patient outcomes are 
unknown. However, discharge diagnoses were more 
specific in patients not receiving CT as well as in those 
receiving CT. Therefore, we speculate that a general 
effect of CT may have been to stimulate interest in 
neurologic diagnosis such that patients were discharged 
with more precise diagnoses. Discharge plans were 
unchanged; in-hospital mortality rates remained low 
(less than 4%). 


CT IN CEREBROVASCULAR DISEASE 39 


The findings regarding lumbar puncture deserve com- 
ment, especially since previous analyses of the impact of 
CT on neurodiagnostic workup have ignored this basic 
procedure. A major indication for CT in patients with 
symptoms and signs of cerebrovascular disease is to rule 
out hemorrhage, even though hemorrhage constitutes a 
small fraction of patients in this and other series and is 
often untreatable. Lumbar puncture has been used as 
one of the means to make this distinction. In our study, 
CT, a high cost, high technology procedure, seems to 
have partially replaced the lumbar puncture, a low cost 
bedside procedure. Any effects on patient care are un- 
known. Each procedure can detect abnormalities the 
other might not detect: CT can detect intracerebral 
hemorrhages which could be missed by lumbar puncture 
and are unsuspected clinically [14], whereas lumbar 
puncture might detect subarachnoid hemorrhages too 
small for detection by CT. If contrast enhancement is 
used with CT, both procedures can cause patient dis- 
comfort and are, to some degree, invasive. In any case, 
an element of bedside diagnosis seems to have been 
partially replaced by CT. 

Although our hospital, like the Mayo Clinic [8], has 
decreased aggregate use of certain neurodiagnostic pro- 
cedures since installing CT, there is an increase in 
average cost per patient for these procedures in the after 
CT groups. At George Washington University Hospital, 
the introduction of CT was associated with an increase 
in aggregate neurodiagnostic charges of almost $1 mil- 
lion per fiscal year [15]. 

Given the rapid proliferation of this costly technology, 
more data evaluating its cost and effectiveness are 
needed. Such data are essential for rational use and 
distribution of any technology, and are especially impor- 
tant given the high cost of CT. Ideally such data should 
be available to physicians and health planners in ad- 
vance of widespread distribution of a technology, so that 
physicians and the public can know the benefits and 
cost of CT for different categories of patients. Since 
clinical decisions about procedures and care must be 
based on clinical presentations, studies analyzing pa- 
tients selected by admission diagnosis are particularly 
useful. 

For patients with head injuries, a study from a British 
neurosurgical center demonstrated that there were fewer 
invasive neurodiagnostic procedures and craniotomies 
after installation of CT [16]. There was no change in 
overall mortality. 

In a study of patients suspected of having brain tumor, 
we found that length of stay, speed of diagnostic 
workup, timing and type of therapy, and discharge plans 
did not change after installation of CT [17]. However, 
even though CT accounted for 40% of neurodiagnostic 
charges in the after CT cohorts, the cost of neurodi- 
agnostic evaluation remained the same because de- 
creased use of radionuclide brain scanning, angiogra- 
phy, and pneumoencephalography offset the added 


costs of CT scanning. Furthermore, normal angiography . 


was used significantly less frequently after CT, and more 
patients after CT had discharge diagnoses associated 
with specific abnormalities [17]. 


In a separate study of patients receiving cerebral 
angiography, we observed that the frequency of normal 
angiography among patients with suspected mass le- 
sions decreased after installation of CT [18]. On the basis 
of these two studies, we conclude that inpatient diagnos- 
tic evaluation and angiography are required less fre- 
quer ‘tly for patients suspected of having brain tumors, 
beceuse CT scanning of outpatients eliminates the need 
for iapatient workup in many cases [17, 18]. 

By contrast, for patients admitted with suspected cere- 
brovescular disease, our study found that CT had little 
valu= in patient care and produced no cost saving in 
diacnosis. We do acknowledge that CT is probably of 
value for patients with suspected cerebrovascular dis- 
ease in wnom subdural hematoma, brain tumor, or 
cerebral hemorrhage [14] are likely differential diagnos- 
tic possibilities and in whom establishment of such a 
diagnosis could lead to effective therapy. Because of the 
sme! number of such patients, we were unable to dem- 
onsmate this probable value of CT. Furthermore, for 
patients scheduled to receive full systemic anticoagula- 
tiom demonstration of unsuspected hemorrhage [14] by 
CT would obviously change and improve therapy. How- 
eve’. our cohorts contained no patients of this type. 

Tae systematic investigation of the benefits of com- 
puted tomographic approaches to differential diagnosis 
in the care of patients with specific signs and symptoms 
is essential for rational and cost-effective utilization of 
this new technology. The objective delineation of spe- 
cifie indications for CT will be even more important as 
bota clinicians and health planners make decisions re- 
garding total body scanners. 


REFERENCES 


1. Hounsfield GN: Computerized transverse axial scanning 
(omography): |. Description of a system. Br J Radiol 
46 : 1016-1022, 1973 

2. Ambrose J: Computerized transverse axial scanning (to- 
mography): Il. Clinical application. Br J Radiol 46 : 1023- 
1047, 1973 

3. Baker HL Jr, Campbell JK, Houser OW, Reese DF, Sheedy 
PF, Holman CB, Kurland RL: Computer assisted tomogra- 
phy of the head: an early evaluation. Mayo Clin Prac 49 : 17- 
27, 1974 

4. Wew PFJ, Scott WR, Schnur JA, Davis KR, Taveras JM: 
Computerized axial tomography with the EMI scanner. 
Padiology 110: 109-123, 1974 

5. Gawler J, Du Boulay GH, Bull JWD, Marshall J: Computer- 
assisted tomography (EMI scanner): its place in investiga- 
ton of suspected intracranial tumors. Lancet 2 : 419-423, 
1974 

6. Gado M, Coleman RE, Alderson PO: Clinical comparison of 
radionuclide brain imaging and computerized transmission 
tomography in Noninvasive Brain Imaging: Computed To- 
mography and Radionuclides, edited by De Blanc HJ, Sor- 
enson JA, New York, Society of Nuclear Medicine, 1975, pp 
147-171 

7. Pendergrass HP, McKusick KA, New PFJ, Potsaid MS: 
Relative efficacy of radionuclide imaging and computed 
tomography of the brain. Radiology 116 : 363-366, 1975 

8. Baker HL Jr: Computed tomography and neuroradiology: a 
iortunate primary union. Am J Roentgeno! 127 : 101-110, 
1976 

9. Fisher CM, Mohr JP, Adams RD: Cerebrovascular diseases, 


40 


10. 


Ti 


LARSON 


in Harrison's Principles of Internal Medicine, 7th ed, edited 

by Wintrobe MM, Thorn GW, Adams RD, Braunwald E, 

Isselbacher KJ, Petersdorf RG, New York, McGraw-Hill, 

1974, pp 1743-1750 

Armitage P: Statistical Methods in Medical Research. New 

York, Wiley 1971 

Shapiro SH, Wyman LSM: CAT fever. N Engl J Med 294 : 954- 
956, 1976 


. Fineberg HV, Parker GS, Pearlman CA: CT Scanners: distri- 


bution and planning status in the United States. N Engl J 
Med 297 : 216-218, 1977 


. Hiatt H: Protecting the medical commons. N Engl J Med 


293 : 245-247, 1975 


Fi 


14. 


15. 


16. 


tF: 


18. 


AL. 


Kinkel WR, Jacobs L: Computerized axial transverse tomog- 
raphy in cerebrovascular disease. Neurology 26 : 924-930, 
1976 

Knaus WA, Schroeder SA: Impact of new technology: the 
EMI scanner. Med Care 15 : 535-542, 1977 

Ambrose J, Gooding MR, Uttley D: EMI scan in the manage- 
ment of head injuries. Lancet 2 : 847-848. 1976 

Larson EB, Omenn GS: The impact of computed tomogra- 
phy of the brain on the care of patients with suspected 
brain tumor. Med Care 15 : 543-551, 1977 

Larson EB, Omenn GS, Margolis MT, Loop JW: Decreased 
frequency of normal angiograms after installation of CT. 
Am J Roentgenol 129 : 1-3, 1977 


Impact of Computed Tomography on the Care of Patients with Suspected 
Hydrocephalus 


ERIC B. LARSON,’ GILBERT S. OMENN,'? AND JOANA MAGNO? 


To assess the impact of computed tomography (CT) on 
patient care, a cohort of patients with suspected hydrocepha- 
lus admitted before installation of CT was compared to a 
similar cohort admitted after installation of CT. The after CT 
cohort used significantly fewer pneumoencephalograms and 
radionuclide brain scans. The average cost of neurodiagnos- 
tic evaluation was 22% less after CT. However, speed of 
workup, therapy, institution of therapy, discharge plans, and 
discharge diagnoses were not different for the two cohorts. 
We conclude that CT has made the diagnostic evaluation of 
patients who otherwise would have required pneumoenceph- 
alography for suspected hydrocephalus less expensive and 
less hazardous. 


In the evaluation of infants and children with macroce- 
phaly, the distinction between benign macrocephaly and 
hydrocephalus is critical because the prognosis and 
management of these two disorders are so radically 
different. Computed tomography (CT) offers a new, rela- 
tively noninvasive method for evaluating children with 
macrocephaly [1-7]. CT is useful in determining ventric- 
ular size and shape as well as the amount of cerebral 
cortex present. In evaluation of suspected hydrocepha- 
lus, CT can rule out subdural effusion or hematoma, 
porencephalic cyst, and arachnoidal cyst [5, 6]. 

We have investigated systematically the impact of CT 
on care of patients with certain clinical problems [8-10]. 
In this study, we assess the overall impact of CT on the 
care of patients with suspected hydrocephalus admitted 
to a children’s hospital. We have analyzed and compared 
the care received by two cohorts of patients admitted 
before and after the availability of CT for frequency and 
costs of diagnostic procedures, speed of workup, insti- 
tution of therapy, length of hospital stay, discharge 
diagnosis, and follow-up plans. 


Subjects and Methods 
Patient Selection, Study Design 


A list of discharge diagnoses that might result from evaluation 
of suspected hydrocephalus was developed from the literature 
with the assistance of a pediatrician. These diagnoses and their 
hospital ICDA numbers were: hydrocephalus, obstructive, 
347.9; hydrocephalus, congenital, 742.0; hydrocephalus with 
spina bifida, 741.0; hydroencephalocele, 743.0; hydrancephaly, 
742.0; porencephalic cyst, 743.2 and 347.9; macrocephaly, 
756.0; encephalopathy, “static,” 781.7. Medical records of pa- 





Received February 17, 1978; accepted after revision April 10, 1978. 
E. B. Larscn was a Robert Wood Johnson Clinical Scholar. 


tients discharged from the Children's Orthoped c Hospital in 
Seattle with these diagnoses during the study periods were 
reviewed. A patient was selected for study only if the physicians 
caring for the patient had indicated that diagnostic evaluation 
was required to rule out hydrocephalus. All patients m whom 
the diagnosis was known on admission and who were felt not to 
require further diagnostic evaluation were excluded. 

A defore CT cohort and an after CT cohort, each containing 
20 patients with suspected hydrocephalus, were formed retro- 
spectively. The before CT cohort consists of pat ents admitted 
in 1974 before availabilty of CT, whereas the after CT cohort 
consists of patients admitted during 1975, after availability of 
CT. The first CT scanner in the Seattle area was installed in 
September 1974 at the Virginia Mason Hospital in another 
section of the city. The first patient from Children’s Orthopedic 
Hospital was referred for scanning in January 1975. A total of 
195 patient records were reviewed to find the 40 patients 
meeting the selection criteria. Most patients were 2xcluded 
because the diagnosis was known on admission (patients ad- 
mitted for management of acute and chronic complications of 
hydrocephalus) or because the admission diagnosis did not 
specify suspected hydrocephalus. 


Chart Abstraction 


Ajlypatient records selected were abstracted, and intormation 
was recorded on age, sex, and place of residence; nature of the 
admission (referral or nonreferral); diagnostic procedures per- 
formed; time required from admission to make a diagnosis 
which agreed with the discharge diagnosis; nature cf therapy 
and how soon therapy was begun; length of stay; and discharge 
diagnosis and follow-up plans. 


Cost (Charges) 


B Iled charges were used to approximate cost to patients and 
third parties. Procedure charges were standardized to January 
1976 billing charges for that procedure. Lumbar puncture 
charges include charges for laboratory procedures ordered with 
that procedure. Charges for anesthesia and recovery reom were 
adced to procedure charges for CT scans, pneumoencephalo- 
grams, ventriculograms, and angiograms when aporopriate. 
Charges for CT also include transportation charges ($83.00) 
for taxicab going to Virginia Mason Hospital end ambulance 
returning. 


Date Analysis 


Abstracted data were keypunched and results analyzed. Sta- 
tistacal significance was assessed using Student's two-tailed t 
test or the x? test [11]. 
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Results 


Table 1 compares the two cohorts. Most patients were 
under 1 year of age, male, resided in the Puget Sound 
area, and were referral patients. The two cohorts are 
comparable for these variables. 


Neurodiagnostic Procedures 


Significantly fewer brain scans and pneumoencepha- 
lograms were performed in the after CT cohort (table 2). 
Other procedures were used with similar frequency after 
CT. Of the six patients receiving pneumoencephalo- 
grams after CT, three also had CT scans. Three patients 
did not receive CT scans because they were too sick for 
transfer or for successful completion of the scan. These 
patients received pneumoencephalograms or ventricu- 
lograms. Ten patients in each cohort received other x- 
ray studies (primarily skull films), and almost all patients 
received transillumination. These procedures are not 
included in table 2 and were not used in calculating 
costs. 

Procedures performed prior to the admission analyzed 
were also tabulated and revealed a similar pattern to that 
displayed in table 2. Fewer procedures were performed 
prior to admission in the after CT group. Ten pneumo- 
encephalograms and nine radionuclide brain scans were 
performed before the current admission in the before CT 
cohort compared to only two pneumoencephalograms 
and no brain scans in the after CT cohort. One patient in 
the after CT cohort had had a CT scan prior to admission 
(table 3). Procedures performed prior to admission are 
not used in calculating costs shown in table 2. 


Costs (Charges) 


The average cost of neurodiagnostic evaluation, cal- 
culated using actual January 1976 billing charges, de- 
creased by 22% after CT (table 2). If procedures per- 
formed prior to admission are included in cost calcula- 
tions, an even greater decrease in cost of neurodiagnos- 
tic evaluation occurs. Including charges for radionuclide 
scans and pneumoencephalograms performed before 
admission, average cost of evaluation before CT be- 
comes $926.85 per patient compared to $557.85 per 
patient after CT, a 40% decrease after CT. 


Speed of Workup, Therapy, Discharge Plans, Length of 
Stay 


The time required to make a diagnosis which agreed 
with the discharge diagnosis was similar in both cohorts 
(table 4). For half of the patients in each cohort. diag- 
noses were made within 1 day. 

Specific therapy was given with equal frequency to 
both cohorts (table 4). The type of therapy given was 
similar. Medical therapy consisted of antiseizure therapy 
in all cases. One patient in the after CT cohort also 
received corticosteroids. Surgical therapy included 
shunting procedures in all cases. Therapy was begun at 
comparable times during the hospitalization, except that 
three patients in the before CT cohort had therapy 
(Surgical in all cases) delayed until after 2 weeks of 


TABLE 1 
Comparison of Cohorts 











BeforeCT After CT 
(%) (%) 
Age less than 1 year........ 70 15 
| Se ea eee mee 65 65 
Residence in Puget Sound 
BOOS EETA E OTE fo 60 
POO) ssion 59 65 








Note. — 20 patients in each group. 


TABLE 2 
Number and Cost of Inpatient Neurodiagnostic Procedures 





























Before CT After CT 
Stud 
TMOG co Nopo ost 
Gl OCM occas: 0 0 10 3,860 
Lumbar punc- 
TUS: 6 idvcean 9 900 7 700 
Electroen- 
cephalo- 
OF perri 11 605 9 495 
Radionuclide 
brain scan . 11* IS Fo 4* 500 
Pneumoen- 
cephalo- 
Ur ee 15° 7,380 6" 2,952 
Ventriculo- 
OAM sasaa 4 804 4 804 
Angiogram... 3 1,428 1 476 
Total .... 53 12,492 (624.60) 41 9,787 (489.35) 


Note.—Numbers in parentheses show average cost per patient. Percentage 
decrease after CT was 22%. 














"P< 05. 
TABLE 3 
Number and Cost of Neurodiagnostic Procedures before 
Admission 
Before CT After CT 
Study i i 
cedures Costis) NOY” Cost (S) 
GT SCAN siiin 0 0 1 386 
Radionuclide 
brain scan ... 9 1,125 0 0 
Penumoen- 
ceph- 
alogram ..... 10 4,920 2 984 
io | re 19 6,045 (302.25) 3 1,370 (68.50) 


Note.—Numbers in parentheses show average cost per patient. 


hospitalization. In two cases, the reasons for delay were 
unrelated to diagnostic evaluation (lack of parental con- 
sent in one case and a change in clinical status in the 
other). In the third case, a 15-month-old child who 
proved to have obstructed hydrocephalus and a poren- 
cephalic cyst, surgery may have been delayed by a 
lengthy workup consisting of pneumoencephalogram, 
ventriculogram, electroencephalogram, brain scan, an- 
giogram, and skull x-rays. 
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TABLE 4 
Speed of Workup, Therapy, Discharge Plans, Length of Stay 














Before CT (%) After CT (%) 

Speed of Workup: 

SEY T E oes 50 50 

Se OE ks GSS Mee enews sas 70 65 

5 OOS INE T E woes 85 70 
Therapy this admission: 

Any MOMMY ia cccsssievcies aes 40 40 

E a EE ETET 20 20 

Medical therapy -scris is.0ss 35 35 
Discharge plans: 

Discharge home.............. 85 100 

BUN MEE ccs E A E E 10 0 

Outpatient follow-up.......... 80 80 
Length of stay (days): 

NONI 2 C APEE ET 14.8 +4.1 12.8 +3.4 

ra Ta E E ETE 8 5 





All patients were discharged home in the after CT 
cohort, whereas two patients died in the hospital in the 
before CT cohort. Both deaths occurred in newborns 
who were not candidates for any therapy because of 
hopeless prognoses. One patient before CT was dis- 
charged to a chronic care facility. Mean length of stay 
was somewhat shorter after CT, but the difference was 
not statistically significant (table 4). Median length of 
stay was also shorter after CT. 


Discharge Diagnoses 


Table 5 displays the discharge diagnoses of the pa- 
tients studied. There were no significant differences 
between the two cohorts with regard to discharge diag- 
noses. One-fourth of patients in both cohorts were given 
a discharge diagnosis of benign macrocephaly. 


Discussion 


In this study we assess the impact of CT on the care of 
patients with macrocephaly and suspected hydrocepha- 
lus admitted to a children’s hospital for diagnostic eval- 
uation. Although our analysis was limited to 40 patients, 
hydrocephalus is a relatively common disease with an 
incidence of 2.5 per 1,000 infants [12]. 

Our study suggests that CT substituted substantially 
for two neurodiagnostic procedures. Pneumoencepha- 
lography was utilized significantly less after CT. This 
substitution is particularly important because pneu- 
moencephalography, a procedure of comparable diag- 
nostic efficacy to CT [13], is associated with a definite 
morbidity and even mortality [6]. By contrast, CT is 
relatively noninvasive and has a low morbidity [6]. In 
addition, utilization of radionuclide brain scans, a pro- 
cedure providing less information and slightly lower 
diagnostic efficacy [13, 14], was significantly reduced in 
the after CT cohort. 

Because of reduced utilization of brain scans and 
pneumoencephalograms, the cost of neurodiagnostic 
evaluation during the hospital admission studied was 
substantially reduced. These reductions occurred even 
though the CT scanner is located at a hospital across 


TABLE 5 
Discharge Diagnoses 




















Discharge Diagnosis ar = ghee t 
Macemephaty; DONON «2.25. 00cssiieaecnes 25 25 
Hydrocephalus with other associated abnor- 

yh ae ee E Mee rr nee ee 45 45 
Hydrocephalus, congenital communicating . 0 15 
Hydrassphalus, arrested ...........-..005: 10 5 
2 a E EEE E E T E EE E TTE 20* 10t 








* Sati encephalopathy; encephalocele, cranial defect; cerebellar sgns of un- 
knowe etDlogy; microcephaly with subdural effusions. 
+ | iopathic seizure disorder; polycystic brain disease. 


tow 7 *om Children's Orthopedic Hospital requising am- 
bulemee service, and even though anesthesia was re- 
quie=c. They occurred during the first year of utilization 
of CT As clinicians become more familiar with CT and 
witt on-site equipment, even greater savings might be 
possitle. 

Tne other aspects of medical care studied were found 
to be unaffected by CT. Diagnosis was made at compa- 
rabe imes, and the diagnoses made were not different. 
The therapy given did not differ. The timing of therapy 
did net differ for the two cohorts, although one case in 
the before CT cohort did have surgery delayed by 2 
pro eaged diagnostic evaluation. This prolonged evalu- 
atian might have been shorter had CT been available. 
Altt ough length of stay was shorter after CT, the differ- 
ence s not statistically significant by Student's t test. 

Se\=ral reports attest to the ability of CT to diagnose 
disease in children, including primary intracramial neo- 
plasms [15], intracranial metastases [16], tuberous scle- 
ross [17] and hydrocephalus [5]. Aggregate data on 
diagnostic procedures suggest that utilizations of pneu- 
mcercephalograms, brain scans, echoencepha ograms, 
ane perhaps angiograms have decreased after installa- 
tioa ef CT [18, 19]. However, studies of patients with 
spe cric diagnostic problems more accurately define the 
impact of CT on patient care. Such analyses are 2ssential 
for playsicians’ decisions in caring for patients who may 
be candidates for CT. Results of these studies may also 
be useful to health planners who must determine appro- 
priate distribution and utilization of this expensive tech- 
nNO#secy. 

CT has thus far been shown to reduce utilization of 
invasve diagnostic procedures in patients being evalu- 
ated for head trauma [20] as well as for adults being 
evaluated for brain tumor [8]. The cost of neurcdiagnos- 
tic evaluation was the same before and after CT in the 
stLey of patients with suspected brain tumor [8]. By 
cotteast, the evaluation of adults with suspected cere- 
browascular disease was not measurably enhanced by 
CT. end CT was added to neurodiagnostic eva uation in 
such a way that average cost of evaluation increased 
[1%]. The results of the study reported here suggest that 
CT rot only replaces certain diagnostic procedures but 
alse ~educes the cost of diagnostic evaluation im patients 
requ ring inpatient evaluation of macrocephaly. We em- 
phasze, nowever, that our results are applicable only to 
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a highly selected, largely physician-referred group of 
patients with signs and symptoms strongly indicating 
pathology. Careful examinations and clinical judgment 
should not be replaced by ready referral for expensive 
CT scans, especially since anesthesia is usually required 
in this age group. In one recent case, a long distance 
referral for CT examination was averted after family 
history and examination revealed macrocephaly in the 
normal older sibling and normal father of a 10-month-old 
boy (G. S. Omenn, personal communication). 

The systematic investigation of CT approaches to dif- 
ferential diagnosis is essential for rational and cost- 
effective utilization of this new technology. Objective 
delineation of specific indications for CT will be even 
more important as both clinicians and health planners 
make decisions regarding total body scanners. 


REFERENCES 


1. Hounsfield GN: Computerized transverse axial scanning 
(tomography). |. Description of a system. Br J Radiol 
46: 1010-1022, 1973 

2. Ambrose J: Computerized transverse axial scanning (to- 
mography). Il. Clinical application. Br J Radiol 46:1023- 
1047, 1973 

3. Baker HL Jr, Campbell JK, Houser OW, Reese DF, Sheedy 
PF, Holman CB: Computer assisted tomography of the 
head: an early evaluation. Mayo Clin Proc 49: 17-27, 1974 

4. New PFJ, Scott WR, Schnur JA, Davis KR, Taveras JM: 
Computerized axial tomography with the EMI scanner. 
Radiology 110:109-123, 1974 

5. Naidich TP, Epstein F, Lin JP, Kricheff Il, Hochwald GM: 
Evaluation of pediatric hydrocephalus by computed tomog- 
raphy. Radiology 119:337-345, 1976 

6. Bachman DS, Hodges FJ, Freeman JM: Computerized 
axial tomography in neurologic disorders of children. Pedi- 
atrics 59: 352-363, 1977 


AL. 


7. Houser OW, Smith JB, Gomez MR: Evaluation of intracra- 


nial disorders in children by computerized transaxial to- 
mography. Neurology 25:607-613, 1975 


8. Larson EB, Omenn GS: The impact of computed tomogra- 


phy on the care of patients with suspected brain tumor. 
Med Care 15:543-551, 1977 


9. Larson EB, Omenn GS, Margolis MT, Loop JW: Impact of 


10. 


Ti 


12. 


13. 


14. 


1S. 


16. 


ire 


18. 


19. 


20. 


computed tomography on utilization of cerebral angiogra- 
phy. Am J Roentgenol 129:1-3, 1977 

Larson EB, Omenn GS, Loop JW: Computed tomography 
of the brain in patients with Suspected cerebrovascular 
disease. Am J Roentgenol 131:35-40, 1978 

Armitage P: Statistical Methods in Medical Research. New 
York, Wiley, 1971 

Shurtleff DB: Progress Analysis Report no. 34, Bethesda, 
Md., National Institute of Neurological Diseases and Stroke. 
June-July 1970 

Gawler J: EMI scanning in relation to other investigations 
of the brain. Br J Radiol 48: 606-607, 1975 

Pendergrass HP, McKusick KA, New PFJ, Potsaid MS: 
Relative efficacy of radionuclide imaging and computer 
tomography of the brain. Radiology 116: 363-366, 1975 
Berger BE, Kirks OR, Gilday DL, Ritz CR, Harwood-Nash 
DC: Computed tomography in infants and children: intra- 
cranial neoplasms. Am J Roentgenol 127 : 129-137. 1976 
Dyment PG, Rothner AD, Duchesneau PM. Weinstein MA: 
Computerized tomography in the detection of intracranial 
metastases in children. Pediatrics 58:72-77, 1976 

Martin GI, Kaiserman D, Liegler D, Amborosi ED, Nadel H: 
Computer assisted cranial tomography in the early diagno- 
sis of tuberous sclerosis. JAMA 235 : 2323-2324, 1976 
Baker HL Jr: The impact of computed tomography on 
neuroradiologic practice. Radiology 116:637-640, 1975 
Baker HL Jr: Computed tomography and neuroradiology: a 
fortunate primary union. Am J Roentgenol 127:101-110, 
1976 

Ambrose J, Gooding MR, Uttley D: EMI scan in the manage- 
ment of head injuries. Lancet 2:847-848, 1976 


Efficacy of Computed Tomography of the Head in Changing Patient Care 
and Health Costs: A Retrospective Study 


ALBERT LEE BAHR" 2 AND FRED J. HODGES, INI" 


Detailed analysis of all neurologic and neurosurgical admis- 
sions at Johns Hopkins Hospital for 6 months prior to and the 
second 6 months after installation of a CT head scanner was 
undertaken in an attempt to identify the effect CT had on 
health care decisions, costs, and morbidity. Data showed 
decreased cost of more than $2,000 per patient and shorter 
length of stay by 7 days in patients with extracerebral collec- 
tions, and more than $2,500 and 8 days reduction in patients 
with tumors after CT was in use. A group matched by computer 
for age, diagnosis, and physician showed decreased costs of 
more than $2,000 and shortened stay by more than 3 days per 
hospitalization. Increased costs were shown in patients with 
cerebrovascular disease after CT. Change in method of 
workup with fewer invasive studies for all patients (P < .001) 
and significant increases in cost of diagnostic workup were 
demonstrated (P < .001). There was no change in morbidity 
and mortality between the two groups. These data suggest 
that CT of the head may reduce cost and length of hospitali- 
zation in certain patient groups and frequently alters patient 
workup. 


The majority of physicians who deal with neurologic 
diseases do not question the great value of CT in diag- 
nosis and treatment planning [1-13]. Nevertheless, ar- 
guments among politicians, physicians, and health plan- 
ners sometimes portray CT as a menace to the solvency 
of the government and the public because of its high 
cost and fear of overutilization [14-24]. 

When Johns Hopkins Hospital obtained a new CT head 
scanner in 1975, we noted the impact it had on patient 
care and started this study to objectively compare certain 
aspects of care and hospital costs before and after the 
installation of the CT unit. Similar groups of patients 
where chosen for comparison from the 6 months prior to 
arrival of the CT scanner and a similar period 1 year 
later. 


Subjects and Methods 


All neurosurgical and neurologic admissions for 6 months 
prior to the operation of the CT scanner and the same 6 months 
the following year were reviewed. Only patients with signs, 
symptoms, or diagnosis relating to the head were accepted; 
that is, those with such conditions as disc disease, spondylosis, 
or peripheral pain were excluded. In all, over 400 charts were 
examined and data gathered into a large master table. 

Age, sex, diagnosis, presenting symptoms, time needed to 
arrive at a diagnosis, hospital costs (obtained directly from each 
patient's hospital bill identically for 1974 and 1975), diagnostic 
studies, operations, complications, hospital stay, and outcome 
were recorded. About 100 patients were excluded due to una- 
vailable data. Notations by physicians in the hospital records 
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concerning changes in diagnostic workup or treatment related 
to CT were specifically sought and tabulated. The total patient 
popu ation consisted of 121 patients from the las: half of 1974 
and “ZE from the last half of 1975 (CT became operational in 
January of 1975). Four subgroups were comparec on the basis 
of the following diagnostic categories: (1) extracerebral fluid or 
blooc collections, 24 patients in 1974 and 25 in 1975; (2) 
intraeranial neoplasm, 22 patients in 1974 and 35 in 1975; (3) 
trans ent ischemic attacks and/or known cerebrovascular acci- 
dents. 45 patients in 1974 and 67 in 1975; and (4) patients 
matcted for age within 10 years, with the same diagnosis and 
attercing physician in each pair, nine patients in 1974 and nine 
patients in 1975. The final data were statistically analyzed at the 
Johrs Hopkins Computer Center. 


Results 


Wile pneumoencephalograms were too infrequent to 
shox decline in any one group, 94 were performed in the 
last 6 months of 1974 compared to only 49 during the 
same period in 1975 (P < .001). 


Extracerebral Collections 


Patients with extracerebral collections are an ideal 
group to be diagnosed and treated on the basis of CT 
alome. and it was felt that impact on treatment would be 
greatest in this group. Table 1 shows that average cost 
deceased from about $8,800 to $6,800 and hospital stay 
decreased from 30.3 to 23.3 days. Radionuclide brain 
scars declined only slightly in this group, but cerebral 
anciograms decreased by almost 50% (P < .001). The 
cog of diagnostic studies was not significantly different 
before and after CT, but it apparently contributed to 
reduced total costs by shortening hospitalization. 


Intracranial Neoplasm 


Patients with neoplastic disease showed findings sim- 
ilar tc extracerebral collections, with hosp tal costs and 
length of stay decreasing but the cost of diagnostic 
studies increasing (table 2). The decline in number of 
anciograms was Statistically significant (P < .04), and 
approached significance for radionuclide train scans (P 
< .06) and cost reduction (P < _ .08). Hospital stay 
declined from an average of 32.3 days to 25.5 days, and 
cost decreased more than would be accounted for by 
deereased hospital stay (from about $7,10C to $4,600). 


Vascular Disease 


Tħe vascular group was most surprising (table SN 
was postulated that CT would have little effect on this 
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TABLE 1 
Patients with Extracerebral Collections 


SSS SS 
No petionts sirean . 8 aR  aŘħŘŮĖÁ 


Total average hospital cost ($). 8,801 7 ,718/6,792* = 3/17" 
Average cost of diagnostic ra- 

diologic studies ($)......... 648 693 NS 
Average hospital stay (days) .. 30.3 23.3 ae 
Radionuclide brain scans 

(% patients) ............... 42 32 NS 
Cerebral angiography (% pa- 

|) PEET 100 56 < .001 
No. Pneumoencephalograms . t t eo 
No. diagnostic operations .... F F 

Note.—NS = not significant. 

* Corrected for inflation of 12%. 

t Insufficient for analysis. 

TABLE 2 


Patients with Proved Intracranial Tumors 


1974 1975 P 
No. patients 22 35 


ma e Bs eo ae th ee ee 


Total average hospital cost ($). 7,082 5 ,202/4 578" S80) = 06" 
Average cost of diagnostic ra- 

diologic studies ($)......... 534 808 < .06 
Average hospital Stay (days) .. 33.6 25.7 < 20 
Radionuclide brain scans (% 

patients) 5c okie au ds.nk coca es 77 49 < .06 
Cerebral angiography (% pa- 

MGUY bos essen ane ede s x Baile 91 63 < .04 
No. pneumoencephalograms . t t ES 
No. diagnostic operations .... 5 5.7 NS 

Note.—NS = not significant. 

* Corrected for inflation of 12%. 

t Insufficient for analysis. 

TABLE 3 


Patients with Vascular Disease 


1974 1975 P 
Nó. satana >. re 
No. patients 45 67 


CR OE be ee a S E a E 


Total average hospital cost ($). 2,713 
Average cost of diagnostic ra- 

diologic studies ($)......... 325 
Average hospital stay (days) .. 14.9 
Radionuclide brain scans (% 

Patons) © 5.5.65 cwddeun aks Sunk 56 
Cerebral angiography (% pa- 

I kind pi cahdoue wade cc 67 
No. pneumoencephalograms . T 
No. diagnostic operations .... t 


4,016/3.534* < .06/< .14* 
724 < .01 
TA < 4 
28 < .01 
57 < .39 
t 
t 





* Corrected for inflation of 12%. 
t Insufficient for analysis. 


group because of the necessity for angiography despite 
CT findings. The cost of diagnostic studies more than 
doubled in this relatively large group in the face of 
significant decline in the number of radionuclide studies 
and decrease in the number of angiograms performed. 
Hospital stay did not change significantly, and total 
average hospital cost increased from $2,700 to $3,500. 


Computer-matc.1ed Group 


This group of patients, matched for diagnosis, age, 
and physician, turned out to be quite small (table 4). 





These included patients with extracerebral collections, 
tumors, and vascular disease in matched pairs within 10 
years of age. Hospital costs declined from $5,400 to 
$3,200 for the average patient in this group and length of 
Stay from 20.3 to 16.8 days. 


Total Hospital Costs 


The data from comparison of the two patient groups 
are recorded in table 5. Hospital costs were almost 
identical, but the cost of diagnostic studies was greater 
in 1975 (P < .001). It should be noted that total hospital 
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TABLE 4 
Matched Patient Grot ps 





1974 


NG. DAOME ss ccuseaan sree 9 
Total average hospital cost ($). 5,438 
Average cost of diagnostic ra- 

diologic studies ($)......... 543 
Average hospital stay (days) .. 20.3 
Radionuclide brain scan (% 

DAIONTS) «655 65xGsedcane vane 58 
Cerebral angiography (% pa- 

OMG) cc iaseeestosetemeiune 58 
No. pneumoencephalograms . Tt 
No. diagnostic operations .... t 








Note.— Patients matched by computer for age, diagnosis, and physician m arge. 


* Corrected for inflation of 12%. 
t Insufficient for analysis. 


Total Patient Popul&icn 


ã—__  — —————eeeeOOOOo—M—Mm6—mwoo>om' 





195 p 
3 e 
3598/5 163" € ATT/< 08" 
571 < .917 
17.E < .56 
& < .84 
€t < .80 
t 
T 
TABLE 5 
1975 P 
NO: DIIOMO | geo cae ksdusdgawgees 121 -78 NS 
Total average hospital cost ($) ... 4 246 4,=86/3,772* NS/< .19* 
Average cost of diagnostic radio- 

boie SuGIGG (S) . <5.6s202K0e2se. 429 989 < .001 
Average hospital stay (days) ..... 20.5 19.0 < .47 
Radionuclide brain scans (% pa- 

DORIA) EEEE T EET 60.3 Sri < .0001 
Cerebral angiograms (% patients) 12.7 53.9 < .001 
No. pneumoencephalograms .... 94 49 < .001 
No. diagnostic operations ....... 2 2 NS 


tlc Duta th aa nO es 


Note.—NS = not significant. 
* Corrected for inflation of 12%. 


charge rates increased over 12% from 1974 to 1975 due 
to inflation and other factors. The equal charges for 
large groups of neurology patients during the two pe- 
riods suggest more efficient use of health care resources 
and/or decreased relative costs in the second period 
(1975). Correction for inflation in individual groups is 
shown (tables 1-4), with significant cost reduction in 
some; but for the entire group, cost reduction was still 
not statistically significant. 


Avoidance of Invasive Procedures 


The number of times more invasive studies were 
avoided because of CT findings was subjectively as- 
sessed. This occurred 45 times, as judged by review of 
the 178 patient records from 1975 and once in 1974, on 
the basis of a CT scan from another hospital. The total 
patient population showed significant decrease in the 
number of invasive procedures (P < .001). 


Diagnostic Accuracy 


CT was positive twice when angiography, radionuclide 
brain scan, and pneumoencephalography were negative. 
Table 6 shows the incidence of false negative diagnoses 
for each of the neurodiagnostic studies. Two of the 
studies were false positive. CT had the lowest false 
negative rate (4%). An additional 17 patients were noted 
in whom CT made a definite difference in approach or 


outcome, that is, altered a planned diagnostic workup or 
revealed a finding which led to treatment or further 
diacnestic studies not initially anticipated. 


Moraidity and Mortality 


Nd difference was noted in overall morbidity or mortal- 
ity tefween the two groups of patients. The complication 
rate was 13.2% and 15.2% in 1974 and 1975, respectively; 
mortzity was 4.1% and 2.8%, respectively. Both the 
sligat increase in morbidity and decrease in mortality 
noted for 1975 are not significant. The data do not 
corfirm any life-saving benefit from cranial CT. Perhaps 
larcer cooperative studies would discover proof for this 
subjective impression, but in seriously ill neurologic and 
net ecsurgical patients, changes in mortality and morbid- 
ity arə probably not likely, despite improved diagnoses 
(5, SR 20]-" 


Time 3etween First Symptom and Diagnosis 


fithough data on time of first symptoms were not 
alwaxs available and may be unreliable, these were 
recomed and tabulated relative to the time required to 
arrve at a final diagnosis. The extremes in both groups 
wee excluded because of unreliability of recording 
symtoms that were present for many years; thus only 


“Ec tor’s note. —See Zimmerman et al. in this issue. 
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TABLE 6 
Incidence of False Negative Diagnoses 
































No. False 
Negatives 
Computed tomography: 
Arteriovenous malformations .................. 2 
PINION ce picnindaenlee ou e aaa e 3 
WO ETET E E E NE E 1 
Fibromuscular hyperplasia .................... 1 
TOR | ces eekakep peneeiasdieecuedobedeeaaede 7 (4) 
Cerebral angiography: 
DT 680 bod E E A ates aot ne 1 
MIN oc ENEE hod Atte Seashore da eck lees 3 
PUNTO nid bie sis E awecea bin harded oan see 1 
POE aiccadycnatey obsdtaciaced AN beak 5 (6)* 
Radionuclide brain scan: 
UTI le ceed 1h bes be bene A ET E E T 2 
NI gos ek nah EEE EERE aie Lak eens 5 
Subdural hematoma .....................-.06. 2 
Intracerebral hematoma....................... 1 
MOtaStäSóS s odio ae ocak hob aoem mdi wei 1 
TORRY EEA E EE EE S T aon 11 (18) 
Pneumoencephalography, tumor ................ 2 (14) 








Note.—Number of studies: CT, 158; cerebral angiography, 96; radionuclide brain 

scans, 66; pneumoencephalography, 14. Numbers in parentheses are percentages. 

* There was one false positive (subdural) in each of cerebral angiography and 
radionuclide brain scan. Percentages include these false positive examinations. 


patients who had symptoms lasting from 7 days to 2 
years were included. No difference was found in time 
from the first symptoms to final diagnosis between the 
1974 and 1975 groups (151 days and 153 days, respec- 
tively). Three other subgroups of patients showed no 
difference in the time between symptoms and diagnosis. 

The house officers who deal with acute emergencies, 
such as subdural hematomas, felt that time of through- 
put of patients with subdural hematomas from the emer- 
gency room to operating room was decreased markedly 
by use of the CT scan. This change may be beyond the 
scope of our data because time information of this sort 
could not be extracted retrospectively. 


Discussion 


Few will question that CT has made diagnosis simpler 
and gives qualitatively superior data to most of the more 
invasive studies [5-10, 26-28]. One additional benefit of 
CT may be decrease in hospital charges and occupancy 
by shortening time for diagnostic studies as projected by 
several authors [11, 17, 29-31]. This is supported by our 
data which show decreased average length of hospitali- 
zation and decreased hospital costs for comparable 
groups of patients with extracerebral fluid collections 
and brain tumors after installation of CT. Decreased 
costs for neurodiagnostic workup in suspected hydro- 
cephalus are shown by Larson et al. [32]. However, in 
dealing with larger groups with mixed neurodiagnostic 
problems, most authors show little change in total hos- 
pital costs [20, 29, 33-35]. 

The patients with cerebrovascular disease were the 
only group to show increase in costs after CT. Part of 
this is attributed to actual increase in charges during the 
period, including charges for day rates and the diagnos- 


tic studies. Charges for angiographic procedures, for 
example, were raised between 1974 and 1975. It may 
also indicate that in areas where CT does not contribute 
to faster diagnosis, it may prolong hospitalization and 
increase overall costs by adding another diagnostic 
study. Observations by Larson et al. [35] are similar. 

A statistically significant increase in cost of diagnostic 
workup was demonstrated for the total population of 
patients and several subgroups. This may be partially 
explained by actual increased charges and the fact that 
more complex angiographic cranial studies were done 
in 1975. Even so, these did not deny rather large, but not 
Statistically significant decreases in average total hospi- 
tal costs in patient groups with intracranial tumors and 
extracerebral collections, apparently due principally to 
shortening of hospital stay. The group matched by com- 
puter for age, diagnosis, and physician in charge was an 
attempt to control the great variation in patients and 
disease process; although very small, this group was 
closest to statistical significance (P < .06) in decrease in 
total costs. 

This experience illustrates some of the complications 
in determining the ultimate cost impact of CT on medical 
care and suggests differential effects depending on the 
type of medical problem. Further studies are obviously 
necessary and, to be meaningful, they must be carefully 
designed. Larger groups of patients matched by com- 
puter will be required to confirm the suggestion from our 
small group that CT can reduce the cost of neurologic 
care. 
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Comparison of Computed and Conventional Whole Lung Tomography in 
Detecting Pulmonary Nodules: A Prospective Radiologic-Pathologic 
Study 


EVERETT G. SCHANER,’ ALFRED E. CHANG,? JOHN L. DOPPMAN,' DAVID M. CONKLE,? M. WAYNE FLYE,’? 
AND STEVEN A. ROSENBERG? 


Whole lung computed tomography (CT) was performed on 
25 patients with clinical diagnoses including osteogenic sar- 
coma, Ewing’s sarcoma, rhabdomyosarcoma, fibrosarcoma, 
and melanoma in whom conventional tomography had re- 
vealed from one to four parenchymal nodules in one lung 
deemed resectable for either staging or treatment purposes. 
Thoracotomy was performed within 3 weeks after conven- 
tional and computed whole lung tomography. All palpable 
nodules were resected, measured at the time of surgery, 
mapped by anatomic segment, and submitted for individual 
histologic evaluation. 

CT defined more nodules than conventional tomography in 
48% of cases. These additional nodules were usually pleural 
or subpleural and 3-6 mm in diameter. CT identified 78% of all 
resected nodules greater than 3 mm in diameter, compared to 
59% using conventional tomography. CT was also of value in 
detecting bilateral nodules earlier than conventional tomog- 
raphy and in documenting small nodule growth on successive 
examinations. However, 60% of the additional nodules defined 
by CT and resected proved to be benign granulomas and 
pleural-based nodes at thoracotomy. 


Introduction 


Numerous reports in the radiologic literature emphasize 
the usefulness of computed tomography (CT) in diagnos- 
ing abdominal, retroperitoneal, and pelvic pathology [1- 
7]. However, the application of CT in defining medias- 
tinal and thoracic pathology has lagged behind its in- 
traabdominal applications, since high quality conven- 
tional radiography and tomography have traditionally 
provided an accepted means of assessing thoracic and 
mediastinal lesions [8]. 

However, a review of the surgical literature reveals that 
conventional linear tomography underestimates the 
number of parenchymal nodules removed at thoracot- 
omy in 30%-50% of patients [9, 10]. Several reports 
emphasize the ability of CT to detect small parenchymal, 
pleural, and subpleural nodules not defined by conven- 
tional tomography [11, 12]. From this experience, it has 
been suggested that whole lung CT should replace 
conventional tomography in evaluating patients for po- 
tentially resectable parenchymal metastatic disease [13]. 
However, these reports have been largely anecdotal and 
without consistent pathologic correlation. 

In order to address this issue, a prospective radiologic- 
pathologic correlative study was undertaken by the sur- 
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gery and radiology branches of the Nationa! Institutes of 
Heath. The purpose was to define the role cf whole lung 
CT n the evaluation of patients with suspected or con- 
firmm=c pulmonary metastases. 


Materials and Methods 


Twenty-five patients with a history of extrathoracic malig- 
naney were studied. Each had from one to four pulmonary 
nod ales demonstrated by conventional tomography and consid- 
erec surgically resectable for either staging or treatment pur- 
poses. These patients included 10 individuals w th melanoma, 
seven with osteogenic sarcoma, six with soft tissue sarcomas, 
one with Ewing's sarcoma, and one patient with rectal adeno- 
carc noma. Informed consent was obtained from all patients 
partacipating; the study was approved by the Human Investiga- 
tion Committee of the National Cancer Institute. 


TABLE 1 


Camparison of Conventional and Computed Tomography in 
Detecting Pulmonary Metastases 


























No. Nodules Metastases 

| Seen Resected . No. i % 

CHOSE EEEE EEEE EA E 21 21 19 90 
Conventional tomography ..... 38 32 25 78 
Computed tomography........ 69 47 31 66 








Not= — Of the 11 resected nodules detected by conventional tomography and not 
seen en chest fi ms. six were metastases (55%). Of the 15 resected nodules detected 
by CT but not by conventional tomography, six were metastases (40%). 


Conventional whole lung anteroposterior tomography was 
performed at 1 cm intervals, averaging 16-18 cuts per patient. 
Cortiguous CT scans were then performed without contrast 
infusion at 1 cm intervals from the apices through both lung 
bases, averaging 18-24 scans per study and resulting in an 
abserbed radiation dose of about 8 rad (L. R. Kirkland, personal 
communication). An EMI CT 5000 scanner with an 18 sec scan 
time and a 320 x 320 matrix display was used. All CT scans 
wer= interpreted by one radiologist (E. G. Schaner). Each 
nodule detected preoperatively was mapped by anatomic seg- 
mert and correlated with surgical findings by one surgeon 
(A. =. Chang) who was present at each thoracotomy. Thora- 
cote mies were performed within 3 weeks after conventional and 
corr puted tomographic studies. At surgery, all papable nodules 
were resected, measured, mapped by anatomic segment, and 
submitted for individual histologic evaluation. 
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Fig. 1.—28-year-old male with 
melanoma. A, 8 mm subpleural nod- 
ule (arrow) in right upper lobe was 
only nodule visible by conventional 
tomography. B, Additional 5 mm 
subpleural nodule (arrow) in lateral 
basal segment of right lower lobe 
was visible only by whole lung CT. 
Histology of both nodules, meta- 
static melanoma. 


Fig. 2.—30-year-old male with 
melanoma. A, 5 mm subpleural nod- 
ule (arrow) in lateral basal segment 
of right lower lobe was visible only 
by CT. Histology, benign pleural- 
based lymph node. B, 4 mm pleural 
nodule (arrow) in medial basal seg- 
ment of right lower lobe was visible 
only by CT. Histology, granuloma. 


Fig. 3.— 16-year-old male with os- 
teogenic sarcoma. A, 2.5 x 2.0 cm 
pleural-based metastasis (arrow) in 
lateral basal segment of left lower 
lobe. Histology, metastasis. B, Ad- 
ditional 5 mm pleural based nodule 
(arrow) in posterior basal segment 
of left lower lobe was visible only by 
CT. Histology, benign pleural based 
lymph node. 


Results 3.5-19 mm in diameter (median, 7.0 mm). Six of these 11 

The 25 patients underwent a total of 27 thoracotomies. nodules (55%) were metastases. 
Twenty-one nodules 4-40 mm in diameter (median, 17 Of 69 nodules defined by whole lung CT, 47 were 
mm) were visualized on routine chest films (table 1). identified and removed at thoracotomy. The 15 addi- 


Each of these 21 nodules was subsequently found and tional nodules defined by CT, but not by conventional 
removed at thoracotomy. Of the 21 nodules. 19 (90%) tomography, and subsequently removed at thoracotomy 
proved to be metastases. were 2-42 mm in diameter (median, 4.5 mm). These 
Of 38 nodules detected by conventional tomography, nodules were usually pleural or subpleural (fig. 1). Six of 
32 were found and removed at thoracotomy. The 11 these 15 nodules (40%) proved to be metastatic; the 
additional nodules detected by conventional tomography remaining nine nodules (60%) were uncalcified granu- 
but not defined by conventional chest radiography were lomas and pleural-based lymph nodes (figs. 2 and 3). 
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An additional 45 nodules which were not demonstrated 
by any radiographic study including CT were identified 
and removed at thoracotomy. These nodules were 0.5- 
17 mm in diameter (median, 3 mm). Of these 45 nodules, 
33 (73%) were less than or equal to 3 mm in diameter. Of 
the 45 nodules, 15 (33%) proved to be metastases. 

Fifty-four nodules greater than 3 mm in diameter were 
removed at thoracotomy. CT detected 42 (78%) of these 
nodules, whereas whole lung tomography detected 32 
(59%). Of the 12 nodules greater than 3 mm in diameter 
not identified by CT, two were located in the medias- 
tinum, six on the diaphragmatic pleural surfaces, two in 


Fig. 4.—11-year-old male with os- 
teogenic sarcoma. A, 1 cm nodule 
(arrows) adjacent to dome of right 
diaphragm was only nodule visible 
on conventional tomography. B, 
Second 1 cm nodule :arrows) in me- 
dial basal segment of left lower lobe 
was not visible, even in retrospect, 
on conventional tomography. Histol- 
ogy of both nodules, metastatic os- 
teogenic sarcoma. 


Fig. 5.—23-year-old male with os- 
teogenic sarcoma. A, 1 cm nodule 
(arrow) in right upper lobe was visi- 
ble on both convent onal tomogra- 
phy and CT, but not “ound at thora- 
cotomy. B, Restudy 3 weeks after 
thoracotomy; nodule has increased 
in size. 


Fig. 6.—20-year-old female with 
osteogenic sarcoma. A, Two 5mm 
subpleural nodules (arrows) in api- 
coposterior segment of left upper 
lobe. Only one nodule was palpated 
at thoracotomy. Histology, meta- 
static osteogenic sarcoma. B, Rede- 
monstration of second nodule after 
thoracotomy (arrow). 


the apical segments of the upper lobes, and two within a 
fibrotic superior segment of the right lower lobe. 

In two patients, CT demonstrated nodules greater than 
3 mm in diameter and as large as 1.5 cm (measured on 
the v ewing console) not seen by conventional tomogra- 
phy n the patient's nonexplored lung (fig. 4). These 
nodu es were pleural or subpleural or confined to the 
posterior gutters, anatomic areas where conventional 
tomography is likely to miss nodules because of dia- 
phragmatic superimposition or ghosting from chest wall 
struc ‘ures. Within a 3 month period, these nodules grew 
large enough to be visible on conventional tomography. 
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Subsequent thoracotomies confirmed these nodules to 
be metastases. 

CT studies were repeated after thoracotomy in three 
patients in whom nodules greater than 3 mm in diameter 
had been identified by CT but not found at surgery. 
Relocating nodules after surgery (particularly when the 
nodule was 6 mm or less and peripheral) was hampered 
by postoperative pleural fibrosis, atelectasis, and ana- 
tomic distortion after thoracotomy. However, three nod- 
ules were confirmed as still being present (figs. 5 and 6). 


Discussion 


This prospective radiologic-pathologic correlative 
study confirms the fact that whole lung CT does routinely 
detect nodules in the 3-6 millimeter range, usually 
pleural or subpleural, not defined by conventional chest 
film or conventional tomography. In 48% of cases, CT 
defined more nodules than conventional linear tomog- 
raphy. In fact, CT detected 78% of all nodules greater 
than 3 mm in diameter subsequently removed at thora- 
cotomy, compared to 59% for conventional tomography. 
Additional benefits of considerable significance included 
the ability of CT to define bilateral involvement missed 
by conventional tomography and to provide an accurate 
means of documenting small nodule growth on succes- 
sive examinations. 

Our investigation has established a practical lower 
limit of reliable detectability of parenchymal nodules by 
conventional linear tomography of about 6 mm com- 
pared to a lower limit of 3 mm using whole lung CT. 
Unfortunately, neither diagnostic method is tissue spe- 
cific in differentiating benign processes, such as granu- 
lomas and pleural-based lymph nodes, from metastatic 
deposits if the nodule in question does not contain a 
nidus of calcification. Predictably, therefore, 60% of 
nodules 3-6 mm in diameter detected only by CT proved 
benign at thoracotomy. Since neither conventional linear 
tomography nor CT is tissue specific, the relative ‘‘spec- 
ificity’’ of each procedure in detecting metastases is 
purely a function of its size ‘sensitivity’; 66% of nodules 
detected by conventional tomography were metastases, 
compared to 45% for whole lung CT. 

An accurate assessment of the incidence of ‘‘false 
positive’ CT nodules has been a difficult subject to 
approach, even in this prospective study. As stated 
earlier, the interpretation of postthoracotomy CT scans 
was severely hampered by postoperative parenchymal 
and pleural fibrosis. It will be noted that 16 pleural and 
subpleural nodules in the 3-6 mm range were identified 
on CT scans but not found at thoracotomy. In three 
patients restudied after thoracotomy, in whom nodules 
were seen on CT but could not be palpated, the nodules 
in question were relocated in each patient. Indeed, six 
nodules greater than 6 mm in diameter on both conven- 
tional linear tomography and CT could not be found at 
thoracotomy. These observations suggest that surgical 
palpation may not be considered the final arbiter in 
confirming or excluding the presence of parenchymal 
nodules in the size range which CT can define. 

From this investigation we conclude that: (1) CT is a 


highly sensitive method of detecting 3-6 mm pleural and 
subpleural nodules; (2) CT is of specific value in detect- 
ing additional unilateral and bilateral nodules once a 
lesion has been identified by conventional tomography 
and in providing an accurate means of documenting 
small nodule growth on successive examination; (3) CT 
is not consistently effective in detecting pleural and 
subpleural nodules less than 3 mm in diameter or nod- 
ules more than 3 mm in diameter at the lung apices and 
along the diaphragmatic surfaces; and (4) the lack of 
tissue specificity in distinguishing benign from malig- 
nant nodules, particularly in the 3-6 mm range, is the 
single most limiting factor in the evaluation of pulmonary 
nodules by CT. This latter limitation is shared by conven- 
tional linear tomography. 

Until CT can be made more tissue specific in distin- 
guishing metastatic nodules, its ability to visualize small 
pulmonary nodules may not justify its substitution for 
conventional linear tomography as the primary screening 
method in evaluating patient for early pulmonary metas- 
tases. 
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Computed Tomography of Musculoskeletal Disorders 


JOHN S. WILSON,’ MELVYN KOROBKIN,'’ HARRY K. GENANT,’ AND EDWIN G. BOVILL, JR.* 


The utility of computed tomography (CT) in evaluation of 
musculoskeletal disorders was assessed in 55 selected pa- 
tients. CT provided unique information leading to a correct 
diagnosis in 45% of cases. In 78% the extent of a lesion was 
more clearly defined than on conventional imaging proce- 
dures, and in the same percentage the CT findings were used 
to plan optimal therapy. CT was most useful in demonstrating 
absence of a suspected mass lesion and in defining the full 
extent of a lesion involving the soft tissues. 


Considerable controversy exists regarding the role of 
computed tomography (CT) in the diagnosis and man- 
agement of disease, especially in the extracranial por- 
tions of the body. The value of CT in the assessment of 
space-occupying lesions of the musculoskeletal system 
has been reported only in a preliminary fashion [1-6]. We 
describe our early experience with CT in evaluating 
orthopedic disorders. 


Subjects and Methods 


From July 1976 through June 1977, approximately 70 patients 
were referred to our radiology department for CT evaluation of 
musculoskeletal disorders. Of these patients, 55 had records 
from surgery or sufficient clinical follow-up data with which to 
assess the accuracy and value of the CT findings. Availability of 
such information was the only criterion used to select the 
patients evaluated in this report. 

Most patients were referred for CT scanning in hopes of 
obtaining more information about the diagnosis or extent ofa 
lesion than was provided by conventional imaging studies. A 
few were undoubtedly referred because of curiosity about the 
new imaging method. The 32 men and 23 women ranged in age 
from 8 to 75 years and included a complete spectrum of body 
size and habitus. 

The pre-CT workup was not prospectively planned but rather 
was that usually used in this hospital. Primary bone tumors 
were examined by conventional radiography and usually linear 
tomography. Metastatic tumors were examined by conventional 
radiography and often radionuclide imaging of the entire skele- 
ton. Soft tissue tumors and suspected masses were examined 
with routine and xeroradiographic filming. Some patients had 
only standard radiographic projections prior to CT. 

CT scanning was performed using the EMI 5000, the EMI 
5005, or the GE CT/T body scanner. Slices 10 or 13 mm thick 
were obtained at 1 or 2 cm intervals from just above to just 
below a known or suspected lesion. When an extremity was 
examined, the contralateral extremity was included in the scan 
field for comparison. A few patients were evaluated both before 
and after the intravenous injection of 300 ml of 25%-30% 
urographic contrast material; most received no contrast agent. 
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The musculoskeletal disorders studied were grouped accord- 
ing to. (1) disease process—neoplastic or nonnzoplastic; (2) 
skele-al location—extremity, spine, or limb-girdle (shoulder, 
pelvis. or ribs); and (3) type of involvement—bone, soft tissue, 
or bcth (table 1). The 20 benign neoplasms studied included 
desmoid tumors, hemangiomas, osteoid osteomas, lipomas, 
and cysts. The malignant tumors evaluated included sarcomas 
of bone and soft tissue and several fibrous histiocytomas. The 
nonneoplastic group was composed of patients with infectious 
processes and miscellaneous lesions (bone island Baker's cyst) 
and patients with normal CT findings who had clinical follow-up 
examinations estalishing that no lesion had been present. 

Three of us (J.S. Wilson, M. Korobkin, and H.K. Genant) 
each evaluated the 55 cases in the following way. First, the 
results of conventional imaging procedures were reviewed and 
validated, including standard radiography, tomography, and 
xerography. Second, the results of each CT scan were reviewed 
and compared with the information obtained by the conven- 
tione! procedures. Finally, after a critical review of each pa- 
tients medical records and personal interviews with referring 
physicians, an estimate of the clinical utility of each CT exami- 
naticn was made. 

Tre CT examination was judged useful if it contributed 
unicely to (1) establishing a correct diagnosis; (2) demonstrat- 
ing "extent of a disease process, or (3) affecting the treatment 
plan. CT wes not considered useful if it only confirmed infor- 
mation gained by the other imaging modalities. 

C7 was considered useful for diagnosis if it correctly estab- 
lished the presence or absence of a suspected lesion, or if it 
corr=ctly suggested the specific histologic nature of a lesion. 
CT was judged useful for treatment planning not only when it 
helped determine the mode of therapy (surgery, radiation, 
chemctherapy, or no therapy), but also when information about 
the =xzent of disease and its relation to specific bones, muscle 
buries, or large nerves and blood vessels affected the size of 
incision and the degree of dissection, thus reducing the dura- 
tion o* surgery and the amount of tissue destruction. In most 
cases, the ability of CT to offer additional and useful information 
in the categories of diagnosis, extent of disease and treatment 
plarning was assessed in consultation with the referring clin- 
ciar. 


Results 


Tables 2 and 3 detail the utility, or lack of utility, of CT 
foreach of the 55 patients. CT added unique information 
regarding correct diagnosis in 25 patierts (45%). Al- 
though CT was usually unable to suggest a specific 
hiscelogic diagnosis, lesions containing predominantly 
fatty or cystic components were correctly identified by 
their characteristic attenuation values. In addition, the 
correct diagnosis of no pathology was made in eight 
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TABLE 1 
Distribution of Patients According to Lesion Categories 


rr 




















Er AL. 


patients whose physical examination Suggested the 
presence of a soft tissue mass. 
In 43 patients (78%), the precise location or extent of a 











PAEA PARENS lesion was better defined by CT than the conventional 
No. % imaging procedures (figs. 1-5). CT was also considered 
Disease Process: useful in planning optimal treatment in 43 patients (78%). 
Neoplastic: Utility in treatment planning was more often related to 
BOON seriyor 20 36 demonstration of extent of disease than to establishment 
oa aiga 20 of a correct diagnosis. | 
Subtotal.................. 38 ~ 69 | In one patient (fig. 2), the CT demonstration of exten- 
Nonneoplastic: ~ ai sion of a recurrent hemangioma of the chest wall into 
Infectious .................. 5 g the abdominal cavity was clinically unsuspected, dictat- 
Negative study.............. 8 14 ing conservative rather than surgical therapy. In another 
Miscellaneous .............. on __ 8 patient, demonstration of a pedicle attachment of a 
OEE iiss Eier aag, auth _31 desmoid tumor (fig. 3) demonstrated the necessity for a 
Location: wide resection of the underlying gluteus muscle. In a 
feat } SEES BRE Hash 3 a patient with an osteoid osteoma of the femur (fig. 5), the 
Spine e a A 9 16 transaxial display of the precise location of the nidus 
Type: along the circumference of the bone resulted in a more 
BONG A AL TOON 13 24 limited surgical resection of the involved cortical region 
o adee Settee eee e eee e eee es 5 p than would have otherwise been performed. When irra- 
ES ; diation was the mode of treatment, CT usually provided 
TABLE 2 
Contribution of CT in Evaluation of Nonneoplastic Disorders of Musculoskeletal System 
Unique Information Provided by CT 
Final Diagnosis Biagnosis — Treatment Planning 
Confirmed: 
Discitis L4-L5 and prevertebral abscess Identified large prevertebral + Diagnosis and extent of lesion indicated 
abscess need for surgical debridement 
SCRIS TIOTIT oid oveSwcvcewsedacacka — + Extent of lesion indicated need for sur- 
gical debridement 
BS AE a E E — _ 
Sterile abscess of flank ................ Identified low density flank + Extent of lesion facilitated surgical man- 
mass agement 
Osteophyte of sacroiliac joint........... Poorly defined sclerotic le- + Diagnosis permitted conservative ther- 
sion by tomography, apy 
Clearly identified as os- 
teophyte by CT 
Bone islands, iliac wings ............... Identified multiple unsus- + Diagnosis permitted conservative ther- 
pected lesions in addition apy 


to original lesion 


Brody's abscess proximal femur ........ - 


Inflammatory lesion, tibia .............. — 
Bullet fragment in acetabulum.......... 


+ Precise anatomic depiction of lesion fa- 
cilitated biopsy 
ES = 


Excluded intraarticular lo- + = 
cation of bullet 


Suspected: 

Recurrent liposarcoma of thigh......... Established absence of s Diagnosis permitted conservative ther- 
mass apy 

Recurrent tumor of thigh............... Established absence of = Diagnosis permitted conservative ther- 
Recurrent desmoid tumor of gluteus mass apy 

i E Established absence of soft = Diagnosis permitted conservative ther- 
tissue apy 

St E aa Simei: Established absence of - Diagnosis permitted conservative ther- 
mass apy 

o EE E E E sabes Established absence of — Diagnosis permitted conservative ther- 
mass apy 

E WAGES: EE E E saci Established absence of = Diagnosis permitted conservative ther- 
mass apy 


mass 


mass 


Established absence of -- 


Established absence of — 


Establishing diagnosis led to conserva- 
tive therapy 

Diagnosis permitted conservative ther- 
apy 








CT OF MUSCULOSKELETAL DISORDERS 


TABLE 3 


57 


Contribution of CT in Evaluation of Neoplastic Disorders of Musculoskeletal System 














Final Diagnosis 





Primary bone tumor: 7 
OOPMDOSAICOME Ol TD: sc deuce dans iedans 


Parosteal osteosarcoma of tibia ........ 
Chondrosarcoma of scapula ........... 
Chordoma of Sacrum .................. 
Enchondroma of femur ................ 
Enchondroma of femur ................ 
Osteochondroma of rib ................ 


Osteochondroma of femur ............. 


Giant cell tumor of humerus............ 


Desmoplastic fibroma of ilium .......... 


Aneurysmal bone cyst of pelvis ......... 
Bone cyst of Wide WIRG srercras turri ak 


Osteoid osteoma of tibia ............... 
Osteoid osteoma of femur.............. 


Metastatic neoplasm to bone: 
FW ccc neti cae EE E saree bee 


WS. dc ccdoecdatohivedingeeaeres 
ME WING ENTEN EAE TSE 


iG WIS eresiaren ea 


BORN GG WINGS ccstacwierescteewnc ences 


RADY saiaren wake debe EA 
A oo hs ie 25 > aan EE ceed her 


SOPHIE 2 «5 aaae eek okedbd tes N e 


ee en eee NA 


Soft tissue tumor: 


Soft tissue sarcoma of calf ............. 


Liposarcoma of paraspinous muscles ... 
Paraspinous metastatic carcinoma...... 


HOMGNGIOME OF 160 .6.cccnccivivas caenes 
HeMaNGIOMNG Of THIGN 5. cise ccescevcsecse 


Hemangioma of chest wall ............. 





Diagnosis 





Established parosteal rather 
than medullary location 
of tumor 


CT number established di- 
agnosis 


Lytic lesion of L5 estab- 
lished by CT; not seen or 
plain films 


Plain films suggested aneu- 
rysm; CT showed soft tis 
sue mass invading iliac 
wing 


CT excluded suspected soft 
tissue mass but showed 
sacral lesion 


Extent of 
Lesion 





+ 


4 


Unique In‘ormation Provided by CT 


Treatment Planning 





Definition of soft tissue extent of tumor 
optimized radiation therapy plan 


Extent of lesion optimized radiation ther- 
apy plan 


Demonstration of intrathoracic exten- 
sion altered surgical management 

Extent of lesion facilitated surgical re- 
moval 

Demonstration of lack of scft tissue in- 
volvement dictated curettage rather 
than biopsy and extensive resection 

Extent of lesion optimized radiation ther- 


apy plan 


Localization of lesion indicated posterior 
rather than anterior surgical approach 

Precise anatomic localization of nidus 
facilitated removal 

Precise anatomic localization of nidus 
facilitated removal 


Definition of soft tissue extension facili- 
tated needle biopsy and radiation ther- 


apy 
Diagnosis indicated need for biopsy 


Precise localization and de“inition of ex- 
tent facilitated biopsy 

Precise definition of soft tissue compo- 
nent optimized radiation therapy plan 

Diagnosis and extent of lesion led to and 
optimized radiation therapy plan 


Definition of soft tissue masses opti- 
mized radiation therapy plan 


Extent of lesion optimized radiation ther- 
apy plan 

Extent of soft tissue involvement of sac- 
ral foramina precluded surgery 


Demonstration of encapsulation by fat 
correctly suggested feasibility of en 
bloc resection 

Extent of lesion facilitated debulking 
procedure and radiation therapy 

Precise localization of soft tissue mass 
guided needle biopsy 

Extent of lesion facilitated surgical re- 
moval 

Definition of intraabdominal extension 
led to conservative theraoy 
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TABLE 3, continued 














Final Diagnosis 








Unique Information Provided by CT 





Diagnosis ree Treatment Planning 

LADOMG OF IGN x c0siwieav<waacidte tanner CT number established di- + Extent of lesion facilitated surgical re- 
agnosis moval 

LIPOMA OF THIGH <..s6s6ic den <erccacaaand CT number established di- + Extent of lesion facilitated surgical re- 
agnosis moval 

LIPOMA GF THIGH: ocscddosdweadwswnnednddr CT number established di- + Extent of lesion facilitated surgical re- 
agnosis moval 

Fibrous histiocytoma of calf ............ Established presence of le- + Extent of lesion facilitated surgical re- 
sion not seen on plain moval 
films 

Fibrous histiocytoma of calf ............ Established presence of le- + Extent of lesion facilitated surgical re- 
sion not seen on plain moval 

Arteriovenous malformation gluteus films 

TAU OE nisiicakewdonan chine Pooling of contrast agent + = 

suggested correct diag- 
nosis 

Desmoid tumor of gluteus maximus..... = + Identification of pedicle attachment fa- 

cilitated surgical removal 
Desmoid tumor of suprascapular region. Established presence of re- + Small size of tumor dictated conserva- 


Current tumor 


tive therapy 








Fig. 1.—Conventional radiograph (A) and tomogram (B) showing large 
ossified mass surrounding tibia and fibula: origin of lesion is not clearly 
demarcated. C, CT scan demonstrating mass arising from tibial cortex. 
This and absence of frank medullary invasion correctly suggested diag- 
nosis of parosteal osteosarcoma. 








the most accurate method of defining the optimal radia- 
tion portals. 

Table 4 shows more specifically the contribution of CT 
in establishing diagnosis, extent of lesion, and treatment 
planning, tabulated according to the category of lesion. 
Diagnostically, CT provided unique information more 
often in patients with nonneoplastic diseases, in those 
with purely soft tissue lesions, and in those with disor- 
ders of the extremities and limb-girdle. CT was useful in 
defining the extent of disease and in planning treatment 
in all categories, especially in neoplastic lesions and in 
those involving the spine or both bone and adjacent soft 
tissue. In three of the 55 patients CT made no useful 
contribution (fig. 6). 

The effect of intravenous contrast material on CT 
scans of the musculoskeletal system was variable in the 
few patients for whom it was used. Marked focal increase 
in attenuation value of an arteriovenous malformation 
was produced [7], but large hemangiomas in two pa- 
tients showed no recognizable change. 


Discussion 


Assessment of the efficacy of diagnostic procedures in 
clinical medicine is assuming increasing importance as 
the high cost of technologic advances is seen to contrib- 
ute to the spiraling cost of medical care. CT is currently 
at the center of the controversy surrounding efficacy of 
new imaging techniques [8, 9]. Unfortunately, there is 
considerable disagreement about the definition of effi- 
cacy of diagnostic imaging procedures. For purposes of 
this initial study of the utility of CT in the evaluation of 
musculoskeletal disorders, we defined efficacy as the 
ability to provide information useful in establishing a 
correct diagnosis, determining the extent of disease, or 
affecting the course of treatment—information which 
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Fig. 3.—CT scan of desmoid tumor of buttock region showing pedicle 
attachment (arrow), dictating necessity of wide surgical resection of 
underlying gluteal muscle. 


was not demonstrated on the more conventional imaging 
procedures. 

This study is not a definitive statement on the precise 
value of CT in the evaluation of the musculoskeletal 
system. Such a statement would require a prospective 
study of a large number of unselected patients, all of 
whom would undergo CT as well as all the conventional 
radiologic examinations. Instead it is an examination of 
the addition of CT to conventional practice for a group 
of patients selected by their physicians on the basis of 
presumed advantages of CT. The high rate of utility of 
CT in our retrospective study probably reflects, at least 
in part, the selected nature of our patient population. 
Many patients whose conventional imaging procedures 
provided the necessary information were probably not 
referred for CT evaluation, automatically increasing the 
potential overall utility in the group that was referred. 

Despite the limitations discussed above, it does seem 
that CT can frequently offer unique information regard- 
ing the diagnosis and extent of disease in a wide variety 


Fig. 2.—A, Chest radiograph 
showing soft tissue mass along lat- 
eral chest wall 2 years after resec- 
tion of hemangioma in this area. B, 
CT scan clearly demonstrating large 
soft tissue mass invading chest wall 
and extending intraabdominally and 
adjacent to spleen (arrows). Treat- 
ment by surgical resection was ex- 
cluded. 


TABLE 4 
Utility of CT in 55 Patients 














% Patients 
Total Pa- 
Lesion C 
PERE ENE T vee Diagnosis Extent piest 
Diseas2 Drocess: 
Neopiastic .........5. 38 32 92 76 
Nonmeoplastic ....... ir 76 47 82 
Locatien: 
EDINI 5 n6 cia died cnc 25 52 68 76 
Lime gwdie.......... 21 43 86 76 
BONE so incddcndeenats 9 33 89 89 
Type c nvolvement í 
el voc wooo ters 13 38 85 9 
Tali iU sinc EE TEES 22 68 68 91 
PT he os pS aire Kinin 9-05 20 25 85 80 








E Eight-cf these patients demonstrated negative CT findings. 


of musculoskeletal disorders, and that such information 
can often affect the surgical or nonsurgical management 
of the patient. Our study suggests that CT will be most 
useful for orthopedic disorders by demonstrating the full 
exten? of a lesion, especially if it involves the soft tissues, 
either alone or adjacent to bone. 
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Fig. 4.—A, Radiograph showing large destructive lesion metastatic from renal cell tumor in left iliac wing. B, Film 2 years 
after left hemipelvectamy showing erosion of lumbosacral region and poorly defined soft tissue mass in this area. C, CT scan 
quite graphically delineating the size and extent cf soft tissue component of recurrent tumor. Serial CT scans were used to 


assess response to subsequent chemotherapy. 
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Fig. 5.—A, Conventional radi- 
ograph of mid femur showing 
thick periosteal new bone. B, To- 
mogram revealing lucent central 
nidus, highly suggestive of os- 
teoid osteoma. C, CT scan show- 
ing exact circumferential loca- 
tion of central nidus of osteoma, 
greatly reducing amount of re- 
section of cortical bone re- 
quired. 








Fig. 6.—A, Conventiona! radiograph showing medullary calcifica- 
tion in distal femur, suggestive of enchondroma, chondrosarcoma, 
or bone infarct. B, CT scan also demonstrating medullary calcifica- 
tion, but no additional use*ul information. 





Value of Computed Tomography in Radiotherapy of Lung Cancer 


BAHMAN EMAMI,' AGUSTIN MELO,' BARBARA L. GARTER,? JOHN E. MUNZENRIDER,' ° 
AND ANTHONY J. PIRO' 


The effectiveness of CT scanning in radiotherapeutic treat- 
ment planning was evaluated in 32 patients with bronchogenic 
carcinoma. CT of the chest in pretreatment evaluation of 
these patients supplemented conventional clinical and radio- 
graphic studies, resulting in (1) more clear delineation of 
tumor extent in 24 patients (75%); (2) change in assessment of 
the size of lesions in 14 patients (43%); (3) change of disease 
stage in 13 (40%); (4) demonstration of inadequacy of treat- 
ment plan in nine (28%); and (5) changes in the volume of 
normal tissue irradiated in 13 (40%). CT scan data was judged 
essential for treatment planning in 17 patients studied (53%). 
Unsuspected areas of tumor involvement were seen in 21 
patients (65%). Use of the CT scan as a patient contour for 
radiotherapy treatment planning of lung cancer and alterna- 
tive techniques are discussed. 


Radiotherapy depends heavily on radiographic and other 
imaging techniques for diagnosis, determination of tu- 
mor extent, and localizing tumors so as to minimize 
irradiation of uninvolved normal tissue while adequately 





treating the tumor. Previous reports on whole body 
computed tomography (CT) demonstrate its value as a 
useful diagnostic method [1-3]. A few reports describe 
its application to evaluation of the chest [2-6]. It has 
been suggested that total body CT provides an exact 
contour of a transverse section at the level of the tumor, 
also displaying tumor location and size in a given section 
(4, 7]. 

Appropriate CT sections can be enlarged to actual 
body size and processed directly for treatment planning 
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[4,8 9]. It also has been shown that use of inhomogene- 
ity deta from CT scans in the thoracic region reduced the 
averege difference between calculated and measured 
dose 12.4%-3.4% [10], a difference significant in apply- 
ing Mhomogeneity corrections to photon beam dose 
calcı lations. The technique is also useful in assessing 
tumar response to treatment by serial scanning [4]. This 
repo t examines our experience with CT in treatment 
planming for 32 patients with bronchial cancer. 


Subjects and Methods 


Beween August 1975 and December 1977, 32 patients with 
bronchogenic carcinoma who were treated in the Department 
of Therapeutic Radiology at Tufts-New England Medical Center 
had mest CT scans prior to radiotherapy which were eventually 
used n treatment planning. There were 22 males and 10 females 
aged 34-79 years (mean, 60.5 years). There were 18 squamous 
cel! carcinomas, seven adenocarcinomas, and seven undiffer- 





Fic 1.— Extensive primary bronchogenic carcinoma invading anterior 
chest wall (white arrow) with extension into axilla deep tc pectoral 
musc2s (double arrows) and with metastasis to posterior mediastinum 
(arrowhead) invading posterior chest wall (not shown). Mediastinal nodes 
extended cephalad through thoracic inlet (black arrow) displacing 
traches to right. Involvement of chest wall anteriorly and posteriorly was 
best Sen by CT. Although mediastinal and pleural disease were apparent 
on plain films, total extent of tumor was better delineated by C7. 


entiaed carcinomas. Procedures used in initial evaluation in 
addit on to conventional radiographic films and CT scan were 
tomcgraphy (four patients), bronchoscopy (15), thoracotomy 
(four , mediastinoscopy (five), percutaneous lunc biopsy (five), 
sputt m cytology (one), node biopsy (one), and cytologic exam- 
inaticn of pleural effusion (one patient). 

CT scans were obtained on an Ohio Nuclear Delta scanner 
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Fig. 2.—Pleural invasion by cancer (arrows) is much easier to appreciate by CT than by plain film studies. Barium was placed on skin surface to 
indicate proposed therapy portal which required modification after CT to include entire tumor. 





Fig. 3.—Patient with bronchogenic carcinoma. CT provided necessary 
information for most effective treatment. Primary carcinoma (white ar- 
row) and metastatic nodes within mediastinum, in latter part of treatment, 
were included in two opposing oblique coned down portals with mini- 
mum exposure to normal lung. 


with a 256 x 256 matrix, with a scan time of 2.5 min and slice 
thickness of 13 mm. Original hard copy was a black-and-white 
Polaroid print, but more recent scans were displayed on con- 
ventional x-ray film with usual dimensions ranging from 3 x 5 to 
5 xX 7 cm, although larger images with greater detail can be 
obtained. 

To assess the contribution of the CT information, the patient 
charts, pretreatment radiographs, and CT scans were reviewed 
retrospectively. One of us (B. L. Carter) examined the radio- 
graphs independently and independent of other information. 
Her assessment of the extent of tumor was then incorporated by 
B. Emami in treatment planning exercises. The staginc, treat- 
ment plan, and technique were initially developed excluding CT 
information and a second time including CT data. The results 
with and without scan were compared. In almost all instances 
the actual treatment program corresponded to the second plan, 
incorporating the CT information. 

Pathologic proof of the validity of the CT interpretations was 
only available in a few instances. This limitation is recognized, 
but clinical considerations denied the surgical explorations that 
would have been required to obtain it. The interpretations were 
accepted as valid and modified the management of the patients 
as hereafter described. 

Radiotherapy was planned using all available data including 
physical examination, radiographic studies, surgical notes, and 
CT scans. The CT scan was displayed for inputting to the 
treatment planning Artronix P.C. 12 computer with the rho-theta 


plotter by visual transfer of data from CT scan to manually 
drawn contour obtained with flexible wire or plaster of paris 
mold or by photographic full-scale enlargement of the CT image 
[4]. 


Results 


Tumors were seen in 31 of the 32 CT scans (95%). The 
sole exception had early superior vena caval obstruction 
with the suggestion of a small paratracheal nodal metas- 
tasis on conventional radiographic studies which was 
not seen on CT scan. The patient's subsequent course 
confirmed this diagnosis. CT more clearly delineated 
tumor extent in 24 patients (75%) relative to plain chest 
radiography (fig. 1). 

By virtue of three-dimensional view, CT gives a better 
means of measuring the actual size of the tumors. 
Comparative measurements revealed the tumor to be 
larger on CT scan in 12, smaller in two, and unchanged 
in seven relative to conventional films. In 11 patients, 
actual measurements of tumor size were not possible on 
plain chest films (due to atelectasia, effusion, etc.), while 
tumor size could be measured in most patients on CT 
scan. 

The treatment volume was altered by CT scan in 12 
patients (37.5%). In 10 patients (31%), a larger volume 
was necessary to include all tumor (fig. 2), and in two 
patients (6.5%) a smaller volume was judged sufficient 
(fig. 3). CT scans showed that coverage of the tumor 
from all other studies was clearly inadequate in nine 
patients (28%). The CT scan was judged essential for 
treatment planning if its availability resulted in a signifi- 
cant change in volume or if a portion of the tumor would 
have been missed without it. Using these criteria, CT was 
judged essential in 17 patients (53%). CT was helpful in 
treatment planning in an additional 14 patients (44%) 
and not useful in one patient (3%). 

Thirty-two areas of involvement by tumor not sug- 
gested from other data were seen on CT scan in 21 
patients. In 11 patients, direct extension of tumor into 
previously unsuspected areas was seen (fig. 4). Unsus- 
pected nodes were found in nine patients (fig. 5), while 
other areas of tumor involvement were seen in six (table 
1). In two patients, areas of involvement suggested by 
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conventional radiographs were found to be normal on 
subsequent CT scan. Only four patients had conven- 
tional whole lung tomography; in one of these, the CT 
scan revealed information on extent of tumor not visible 
on conventional tomograms while in another patient, 
whole lung tomography suggested involvement of the 
opposite lung which was normal on CT scan. 

Patients were staged according to the TNM system of 
the American Joint Committees with and without CT 
data. CT data changed the tumor (T) stage in 14 (44%) 
patients, increasing it in 13 and lowering it in one (table 
2). Nodal (N) stage was increased by inclusion of CT data 
in nine patients (table 3). 

The TNM system puts patients with advanced locore- 
gional disease in stage III, regardless of whether distinct 
metastasis are present (M1) or absent (MO). A significant 
percentage of the latter category may be cured with 
radical radiotherapy [11-13], while all the former are 
incurable with known therapeutic methods. In table 4 the 
TNM stage before CT is compared to that after CT was 
obtained. As a result of CT data, 14 of the 32 patients 
(44%) had alteration in stage, 13 to a higher stage and 
one to a lower stage. 

As noted in table 5, the CT findings altered the philos- 
ophy of treatment in five patients, changing it in four 
patients from radical to palliative and in one from pallia- 
tive to radical. 


Discussion 


The results of this study support the conclusions of 
others [4, 6] concerning the usefulness of CT scanning 
in pretherapy evaluation of lung cancer. Stanley et al. [2] 
found that CT was ‘‘beneficial’ in 36% (four of 11) of 
patients with chest “tumors,” providing diagnostic infor- 
mation not apparent on chest radiography. Muhm et al. 
[6] reported that CT detected more pulmonary nodules 
in 10 of 29 patients studied with both CT scanning and 
conventional whole lung tomography. Miller et al. [14] 
and Castellino et al. [15] showed that conventional whole 
lung tomography provides additional information in 
10%-20% of patients compared with plain chest radiog- 
raphy. 

Mink et al. [16], in studying thymomas, reported that 
CT clearly identified a tumor which was only suggested 
by conventional means. In addition, in three of five 
cases, CT resulted in significant diagnostic information 





Fig 4.—A, Large carcinoma of left upper lobe (dout/e arrewheads) 
invades mediastinum around left pulmonary artery (arrow) and descend- 
ing acttasjarrcowhead). B, Tumor also extends around anc above anterior 
arch, destroying second thoracic vertebral body (arrows). Latter could 
not be sen on plain chest films even in retrospect. 
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Fig. 5 —Brenchogenic carcinoma invades right hilum (arrow) around 
right main pulmonary artery just anterior to right bronchus intermedius. 
Primary carcinoma, small nodule in right upper lobe, could be seen with 
some difficulty on plain films; mestastasis to right hilum and mediastinum 
was much mcre apparent on CT scan. Barium was placed on skn surface 
to indicate proposed treatment portal. 


TABLE 1 
Unsuspected Involvement Shown by CT 





Direct Ex- 


Sanuing Metastasis 


Involved Area 








Noces: 
Mediastinal............ 
i ene eer ieee 


a d a eA aera ans 
I a's thatave a wkd eee eee 5 
Pleural invasion ......... 6 he 4 
Pleural effusion.......... ae 4 
Additional nodules: 

Parenchyma ........... 1 1 

Chest wall ............. 1 


—hO = ON 





not elicited by other studies. Kreel [17] demonstrated 
lymph node enlargement by CT in eight of 14 pdatients 
with lympnoma, not seen in other radiographic studies 
inclading 'ymphangiography. 

Strick et al. [18] compared treatment plans gener- 
ated from CT scan data with those from conventional 
transverse axial tomography and found ceviations as 
much as 10% for calculated tumor dose and 20% for 
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TABLE 2 
Alteration in T Category 











T after CT 
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N before CT —— Total 
NO N1 i N2 SES 
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TABLE 4 
Alteration in Clinical Staging 
aa l E Stace after CT —" 
Stage before CT Total 
ae i 7 | Ne All, MO | Ii, M1 o 
ETETE E EEEE A 8 ote 8 
EELEE ETTEN ER EE 1 3 eee 4 
HE A Seen beim topiee ea at 1 13 iy 16 
a Gedhing basen E & 2 ee 4 4 
= Total EEE E A E O cee a i 2 24 6- 32 





* Axillary nodes positive on CT scan (no histologic confirmation). 


TABLE 5 
Alteration in Treatment Policy 











Treatment Policy after CT 














Treatment Policy before CT C Total 
Radical Palliative 
A EEES EO 16 4 20 
A ee 1 11 12 
WU EEEE EET E 17 15 | 32 





spinal cord dose. They observed that patient-specific 
tissue inhomogeneity corrections can be obtained from 
CT but not from conventional tomograms. 

In our series, compared to conventional radiography, 
CT revealed significantly better delineation of tumor 
extent in 24 of 32 patients, more accurate assessment of 
the size of the lesion in 14, more adequate coverage of 
tumor extent by radiotherapy portals in nine, and altera- 
tion in irradiated volume of normal tissue in 13 of 32 
patients. Conventional whole lung tomography was per- 
formed in only four of our 32 patients. Thus it can be 





Fig. 6.—Patient with malignant pleural effusion (white arrow) but 
unknown primary. Unsuspected bronchogenic carcinoma (black arrow) 
was detected by CT scan, not seen on plain films in presence of fluid. 


argued that some of the findings on CT might have been 
demonstrated by that technique. However, conventional 
tomography is 10%-20% more accurate than plain chest 
x-ray, while in this study CT was 75% more accurate than 
plain chest films. In addition, as noted above, CT was 
clearly superior to conventional tomography in two of 
four patients in whom both studies were performed. 

There seem to be inherent advantages of CT. Lesions 
are more readily visualized by virtue of display format: 
nodules are depicted as white spots against a dark gray 
background, rather than as a lighter gray spot on a 
darker gray background, as in plain chest radiography 
or conventional whole lung tomography. Smaller nod- 
ules (less than 10 mm) which most likely would be 
missed by other procedures can be detected by CT.* 
Transverse orientation of CT scans eliminates the prob- 
lem of superimposition of bony or cardiovascular images 
over the tumor. CT offers more precise demonstration of 
involvement of pleura, chest wall, mediastinum, and 
hilar areas, and metastasis to other portions of the lungs 
and/or thoracic cage. 

Occasionally pleural effusion may cause difficulty in 
the assessment of exact tumor extent on plain chest 
radiography and even on conventional tomography. 
However, fluid can usually be delineated on the scan 
from tumor (fig. 6). If doubt persists, it may be resolved 
by scanning in the prone position if the initial scan was 
supine, or vice versa. 

In conclusion, 32 unsuspected areas of tumor involve- 
ment were found in 21 of the 32 patients studied, and 
clinical staging was changed in 13 patients. These led to 
changes of treatment policy in five patients. With the 
availability of CT scan data on lung cancer patients, the 
accuracy of defining the target volume seems to be 
approaching the precision which has been achieved by 
modern radiotherapy techniques and treatment planning 
computers to deliver the desired dose to a specified 


* Editor's note. — See Schaner et al. in this issue. 
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target volume. Thus local treatment failure as a result of 
inadequate definition of tumor and nodal extent should 
decrease. More confident selection of patients for radical 
radiotherapy should be possible, while for others with 
uncontrollable bone or chest wall invasion, palliative 
techniques should be more appropriately offered. 
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Contribution of Computed Tomography to the Treatment of Lymphomas 


M. V. PILEPICH,'’ J. B. RENE,’ J. E. MUNZBNRIDER,' AND B. L. CARTER? 


The effectiveness of computed body tomography (CT) in the 
workup, treatment planning, and follow-up of 38 patients with 
Hodgkin's disease and 59 with non-Hodgkin's lymphoma was 
analyzed. CT scanning can frequently define lymphoma in the 
retroperitoneum, and occasionally in mesenteric lymph 
nodes, spleen, and liver. These data are useful for staging, 
for radiotherapy treatment planning, and in monitoring re- 
sponse to radiotherapy or chemotherapy. CT was found to be 
particularly useful in patients with large mediastinal masses. 
Analysis of patterns of intrathoracic spread allowed modifica- 
tion of treatment techniques in 60% of patients with spread 
along the chest wall, in order to reduce the volume of normal 
tissue irradiated, while obtaining adequate dose distributions 
within the tumor volume. It is anticipated that chest CT scan- 
ning in lymphoma patients will lead to improved tumor control 
and reduction of radiation complications. 


Introduction 


Lymphoma patients undergo numerous diagnostic stag- 
ing procedures to help define appropriate treatment for 
their disease. Exploratory laparotomy, lung and medias- 
tinal tomography, lymphangiography, and radionuclide 
studies are frequently used in initial evaluation and 
follow-up. 

Even when all feasible studies are completed, the 
radiotherapist must often begin treatment with a signifi- 
cant degree of uncertainty regarding tumor extent. Lym- 
phoma radiotherapy often involves treating large vol- 
umes containing vital organs whose function can be 
seriously impaired if tolerance levels are exceeded; for 
example, whole lung irradiation may be indicated in the 
presence of hilar or pleural involvement, and the entire 
heart and pericardium may be irradiated in patients with 
massive mediastinal involvement. Diagnostic studies 
which allow more accurate delineation of tumor extent 
will allow refinement of treatment technique to limit dose 
to sensitive normal tissues. 

CT scans performed on lymphoma patients were ana- 
lyzed to determine how the technique can contribute to 
the staging, treatment planning (with particular empna- 
sis on modification of conventional radiotherapy tech- 
niques), and follow-up of patients with the disease. 


Subjects and Methods 


Between August 1975 and February 1978, 147 CT scans were 
performed on 97 patients with documented malignant lym- 
phoma at Tufts-New England Medical Center. There were 38 
patients with Hodgkin's disease and 59 with non-Hodgkin's 
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lymphoma. The patient charts and films were reviewed to 
establish the extent of disease as determined by these conven- 
tional nethods. The CT scans were reviewed and the additional 
information they provided was recorded. In some instances 
treatment planning with and without CT had been documented 
prior to tais-review. 

Proef of the validity of the CT interpretations was seldom 
availatle This would have required other examinations or 
surgical explorations that were not clinically warranted. How- 
ever, the response of the suspected disease to radiation or 
chemctherapy as shown by subsequent CT scans in some 
patien s provided support for the initial interpretation. Im a few 
others radionuclide scans, including gallium, were corrobora- 
tive. 

The purpose of scanning is listed in table 1. Computed 
tomog-aphy was rarely used in the initial staging of patients 
with Hodgkin s disease, possibly reflecting the wide use of 
lymphangiography and laparotomy in that entity. Of 69 scans in 
patien s with Hodgkin's disease, 50 (72%) were obtained for 
radioterapy planning or follow-up. Of 78 scans in normHodg- 
kin’s patients, 42 (54%) were obtained as part of initial staging. 

The scans were obtained on an Ohio Nuclear Delta scanner, 
with each image representing a slice of tissue 13 mm thick. 
Scan t me was 2.5 min. Contrast enhancement was obta ned by 
intravenous administration of Renodrip. Gut was occasionally 
opacifed by oral and/or rectal administration of 5% Rencgrafin. 
In selected cases glucagon was administered in order to reduce 
bowel mebility and thus decrease motion artifacts. 


Results 
Abdommal Scanning 


Only one of seven Hodgkin's patients undergoing 
abdominal scanning was studied as part of the initial 
stagirg. In that patient the study showed periaortic and 
celiac modal involvement which was confirmed at lapa- 
rotorry. The other six were scanned to document sus- 
pected abdominal recurrence. Retroperitoneal disease 
was Clearly demonstrated in five (fig. 1), while the scan 
was equivocal in the sixth. In two patients, repeat scans 
showed good response to chemotherapy. Liver involve- 
ment seen in two patients with recurrent Hocgkin’s 
disease was confirmed by isotope studies (gallium and 
liver scan). 

In patents with non-Hodgkin's lymphoma, 53 abdomi- 
nal scams were obtained, 34 (64%) for initial staging and 
14 (2€%a to monitor response to chemotherapy. Wile 12 
scans Clearly demonstrated retroperitoneal lymphade- 
nopathy (fig. 2), 11 were equivocal. Celiac node involve- 
ment dentified in two scans was corroborated by gallium 
scan. Liver involvement was demonstrated in three 
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TABLE 1 
Area Scanned and Purpose of Scan 
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Fig. 1.—Paraaortic lymphadenopathy (arrows) in 37-year-old man with 
recurrent Hodgkin's disease. 


a 
o 
sa 
Å 
——— 
——— 
= 
——— 


| 


M 





Fig. 2.—Massive retroperitoneal nodal enlargement in 47-year-old 
man with non-Hodgkin's lymphoma. After contrast injection. 


scans, splenic involvement in two, and gastric involve- 
ment in one. Patients with CT scans considered positive 
in the liver and spleen had unequivocally positive jallium 
and liver-spleen scans. Five abdominal CT scans showed 








Radiother- Radiother- Chemother- 
apy Plan- apy Follow- apy Follow- Total 
ning up up 
0 0 2 9 
32 15 2 56 
3 0 0 4 
35 15 a 69 
3 2 14 53 
10 2 1 20 
4 0 5 
17 4 15 78 





bone involvement (pelvic and vertebral). In addition, in 
three abdominal CT scans, nodules detected in the 
costophrenic sulci could not be seen retrospectively on 
conventional chest radiographs. 

Abdominal scans were considered essential for radio- 
therapy field planning in three patients with massive 
disease, two of whom had follow-up scans. In all three, 
the scans were used in delineating a portal setup. In two, 
four-field technique was used to reduce kidney volume 
irradiated while treating the masses. 

In seven patients, 14 abdominal scans were used to 
evaluate response to chemotherapy. Two patients had 
complete response, two had partial response, and three 
had no response, prompting change in treatment. 


Chest scans 


In 27 patients with Hodgkin's disease, the scans re- 
vealed large mediastinal masses in 17 and minor medias- 
tinal abnormalities in seven. Five were normal. Of 15 
non-Hodgkin's patients, nine had mediastinal masses, 
three only minor mediastinal abnormalities, and three 
were normal. Hilar adenopathy was detected in six pa- 
tients with Hodgkin's disease and five with non-Hodg- 
kin's lymphoma. In three of the former, hilar involvement 
was not detected on conventional chest radiographs. 
Lung nodularities were detected in four Hodgkin's and 
six non-Hodgkin's patients. 


Mediastinal Masses and Treatment Planning 


We gave special attention to patients with mediastinal 
masses, since it became apparent early in our experience 
that CT data might allow potentially beneficial alterations 
in treatment technique. Thus all patients with recognized 
mediastinal disease were subsequently scanned. Three 
patterns of mediastinal configuration were observed. 

1. Unilateral or bilateral mediastinal expansion, some- 
times massive but with no evident spread along pleural 
Surfaces or chest wall (fig. 3), was observed in eight 
patients. Radiotherapy portals could be adequately tai- 
lored from routine anteroposterior and posteroanterior 
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Fig. 3.—Mediastinal widening in 21-year-old female with nodular 
sclerosis Hodgkin's disease. After contrast injection. 


radiographs. CT scanning did not contribute signifi- 
cantly to treatment planning of these patients. 

2. Extension into lung parenchyma was demonstrated 
in two patients with Hodgkin's disease. Both received 
whole lung irradiation on the involved side as part of 
their treatment. 

3. Spread along the chest wall was identified in 16 
patients (figs. 4 and 5). In Hodgkin's disease, spread 
occurred only along the anterior chest wall. In three non- 
Hodgkin's patients, spread occurred along both anterior 
and posterior chest wall, and in one, extension only 
along the posterior chest wall could be identified (fig. 6). 

In six of 15 patients with tumor extension along the 
anterior chest wall, portals planned with routine antero- 
posterior and posteroanterior radiographs would have 
adequately covered the disease visualized on CT scan. 
However, in nine patients without CT, the tumor would 
not have been adequately covered. Where portal altera- 
tion was necessary, a more generous anterior field was 
usually used, while the posterior fields were usually 
smaller. Supplemental anterior electron beams were 
used to compensate for inadequate dosage in some 
parts of the anterior tumor volume which were not 
covered by the posterior portal (fig. 7). With these modi- 
fications, adequate tumor coverage was achieved and 
the volume of normal tissue irradiated reduced. Clearly 
demonstrable gross chest wall invasion, including mus- 
cle infiltration and bone destruction (fig. 8), was demon- 
strated in four patients; these areas received additional 
irradiation. 

After a follow-up of 6-27 months, eight of nine patients 
with tumor extensions requiring significant portal modi- 
fications remain free of disease in the treated area. One 
patient had recurrent tumor at the lateral margin of the 
treated volume. 


Pericardial Involvement 


An attempt was made in patients with massive medias- 
tinal disease to define the extent of pericardial involve- 
ment, but it was difficult to differentiate normal struc- 
tures and tumor in the anterior mediastinum. Serial 
scans during irradiation showed distinct change in peri- 
cardial configuration in four patients, indicating initial 





Fig. 4.— Tumor extension along anterior chest wall (arrow) in 45-year- 
old man with histiocytic lymphoma, not suspected on conventional 
radiograpEs. 


gross tumor involvement. In these four patierts, a major 
part ef the pericardium was purposefully given more 
irradiation than usually used “prophylactically” n pa- 
tients wth mediastinal involvement. 


Head ara Neck Scans 


Of 1ire scans of the head and neck area, twc were 
obtained for initial staging and seven for radiotherapy 
planning. In all seven, tumor was adjacent to the base of 
the skul. Bone invasion was seen in three patients, and 
the nasepharynx, orbit, or nasal cavity was involved in 
the remaining four. Use of CT data resulted in sign ficant 
modifications of radiotherapy portals in four patiemts. 


Discussion 


Several recent reports on the early experience with CT 
in Ilympř oma [1-6] deal predominantly with the scenning 
of the abdomen. In the retroperitoneum, identification of 
lymph rode enlargement and obliteration of the rormal 
contour of the large vessels and the psoas muscles 
indicate lymph node involvement [7]. Comparison of 
lymphargiogram and CT scan revealed that CT could 
delinea [3-7] not only nodes not normally visualized on 
lymphargiogram (those in the renal and splenic hila, 
celiac end mesenteric nodes, and high periaortic and 
retrocrural nodes), but also retroperitoneal nodes not 
opaci‘iei due to massive replacement by the tumor. 
However, these studies indicated that CT currently can- 
not deliseate intranodal architecture and, hence, cannot 
detec: early nodal pathology. 

Gress mediastinal and lung parenchyma involvement 
are visualized by conventional radiographic procedures. 
Therefo-e, CT has been used less frequently in the chest 
and its potential may not be fully appreciated. Evaluation 
of hila is important in the workup of lymphoma patients, 
since their involvement usually implies modification of 
treatme it. Where conventional studies cannot always 
differen iate between a prominent pulmonary artery or 
nodal ealargement, the characteristic shape of the pul- 
monary artery on CT scan helps in making the differen- 
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Fig. 5.—A, Extension along anterior chest wall and invasion of the 
chest wall in 21-year-old female with Hodgkin's disease. B, Level of 


pulmonary hila. 
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Fig. 6.—Tumor extension (arrow) along posterior chest wall in 57- 
year-old female with nodular lymphocytic lymphoma. 


tiation [8]. Intravenous infusion of contrast material can 
further assist in the differentiation, since pulmonary 
vessels enhance to a level similar to that of the aorta [8, 
9]. In our study six patients with Hodgkin's disease had 
hilar adenopathy on CT. In three, that involvement was 
not appreciated on routine radiography. In all three, 
follow-up studies confirmed involvement by the tumor. 

Superiority of CT over conventional studies in detect- 
ing pulmonary nodules has been recognized [10-13].* In 
our study, lung nodules not detected by conventional 
radiographic procedures were seen in three patients, 
resulting in a major alteration in treatment in two pa- 
tients. 

However, the major contribution of CT in lymphoma 
management in our experience is in evaluation of the 
anterior mediastinum. In 28 patients with mediastinal 
masses, 15 had extension along the anterior chest wall, 
and appreciation of this resulted in significant alteration 
of treatment technique in nine patients. 

It must be acknowledged that this was not a prospec- 
tive study to establish the extent to which CT provided 
information unavailable by other methods. Lymphangi- 
ography, radionuclide studies, and surgical expleration 





Editor's note. — See Schaner et al. in this issue. 
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Fig. 7.—Scheme of field arrangements at different dose level in patient 
with mediastinal mass extending along anterior chest wall. A, Initial 
setup; mediastinum and left lung received 1,500 rad in 12 treatments. B, 
Field reduction at dose level of 1,500 rad. C, Field reduction at dose level 
of 3,000 rad. D, Electron boost to part of anterior chest wall not covered 
adequately after field reductions. 





Fig. 8.—Chest wall invasion in 19-year-old female with Hodgkin's 
disease. Right pleural effusion. 
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were not performed on all patients with abdominal CT 
scans, nor were special views and tomography applied 
to all patients with chest CT scans. To what extent they 
would have provided the same information as CT is 
uncertain. In some instances they would undoubtedly 
have been confirmatory. Yet they lack the convenience 
of CT scanning and the advantage of the transverse 
section image which greatly facilitated radiation treat- 
ment planning. At this point it is too early and our 
experience too small to establish that the alterations in 
treatment planning solely on the basis of CT interpreta- 
tions will ultimately prove beneficial for the patients. The 
early follow-up in eight of nine such patients is encour- 


aging. 
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Efficacy of CT-assisted Two-dimensional Treatment Planning: Analysis of 
45 Patients 


DON P. RAGAN' AND CARLCS A. PEREZ' 


A method is presented for quantitatively assessing the 
impact of CT assistance in treatment planning for radiation 
therapy. A three-phased analysis of treatment plans for 45 
patients was undertaken. Nonuniformity and local efficiency 
of dose delivered were compared without and with the utiliza- 
tion of CT information. Good agreement between the objective 
assessment of treatment plans and independent subjective 
optimization of the plans by a radiotherapist supports the 
validity of this technique. On the basis of nonuniformity of 
dose, 31 of the 45 cases were planned more poorly in the 
absence of CT information. The addition of CT information 
permitted optimization by the physician in 25 of the 45 pa- 
tients. Twenty-three of these showed improved local effi- 
ciency (92%). This study indicates that measurable improve- 
ments in treatment plans are available by taking advantage of 
CT information. These were greatest in the brain, lung, and 
retroperitoneum in this small group of patients. 


Computer-assisted treatment planning has become an 
integral component of quality control in radiation ther- 
apy. However, major limiting factors in improving treat- 
ment planning have not been the computer or computer 
algorithm but the definition of the tumor and its extent 
relative to the patient contour and structure. With the 
development of computed tomography (CT), substantial 
improvement in tumor definition has been realized. The 
Mallinckrodt Institute of Radiology was fortunate to have 
one of the first whole body CT scanners, and in its early 
applications it was considered important to assess the 
potential impact of utilizing CT information in the treat- 
ment planning process. Since the cost of CT scanning is 
significantly more than the conventional methods of 
patient contouring, any benefit must be compared to the 
increased cost. This paper presents a method for quan- 
titatively assessing the impact of CT assistance in treat- 
ment planning. 


Materials and Methods 


There is little doubt that CT is an effective tool in helping the 
physician visualize the tumor and normal structures. This study 
focuses on the more specific question of whether CT informa- 
tion should be used directly for computer-assisted treatment 
planning. For this reason we tried to eliminate in the scorinc 
process subjective utilization of CT information and any possi- 
ble bias which could make the new technique appear bette! 
than it might in reality be. 

Toward this end our study was divided into three phases 
Phase 1 was the conventional treatment planning process 
without the aid of CT information. At our institution this consists 
of clinical evaluation, conventional and special x-rays, radionu- 





Received March 15, 1978; accepted after revision April 18, 1978. 
This research was supported in part by funds from EMI Research, Inc. 


' Mallinckrodt Institute of Radiology, Washington University School of Medicine 


reprint requests to D. P. Ragan. 


Am J Roentgenol 131:75-79, July 1978 
© 1978 American Roentgen Ray Society 


T9 


clide md ultrasound scanning, followed by simulation and 
compucation of a treatment plan based on anatomic structures 
in the central plane. The radiotherapist responsible for the 
patient established the tumor site and extent from this in-orma- 
tion and developed the phase 1 treatment plan. Phase 2 con- 
sisted >t using CT information about tumor size and location 
with the same treatment configuration. One of us (C. A. Perez) 
evaluasec the CT scans and established the tumor site and 
extent in phase 2. The CT image used was that in the central 
plane »' the tumor and enlarged to life size for computer entry. 
In phase 3 he also used the new information to “optimize” the 
treatment. This was done without knowledge of the quantitative 
evalua ion of plans in phases 1 and 2. For each of the p ans in 
phases 1-3, the average dose, maximum dose, nonuniformity, 
inhomegeneity, and efficiency were calculated. 

Duri~g 1977, patients were identified for whom CT informa- 
tion might improve the treatment planning process. Similar 
numbers of patients were sought for eight sites and/or prob- 
lems. Of the 46 patients initially selected, one was eliminated 
due tc inadequate CT information. Table 1 summarizes the 
treatment goals and indicates whether treatment plans were 
optimized in phase 3. 

Two characteristics of the treatment plans in each phase 
were carefully compared: the nonuniformity factor and local 
efficiemcy factor. The nonuniformity factor is “the average 
absoluc= deviation from the average dose within the targe? area’ 


[1]: 


target 


area 


nonuniformity =  . (average target dose — dose))  area;. 


area; 


This may be expressed as a fraction of the integral dose and is 
the quantity used by both Ellis and Oliver [1] and Jones and 
Washiagton [2]: 


Ss , i nonuniformity factor 
% nonuniformity = —— x 
integral dose 


100. 
In this paper we will use percentage nonuniformity; however, 
previous publications have used nonuniformity measured in 
rads. 

The ocal efficiency factor is defined as “the ratio of the 
integrē surface dose in the target to that of the patient contour” 


[1]: 


target 

area 

area; dose; x area 
patient dose; x area, 
area 


area; 


local efficiency = 
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TABLE 1 


Treatment Goals and Results of Optimization of Trea-ment 
Plans Using CT Information 








Treatment Goal Optimization 











Site No. 

Cases Cure preg Yes No 

SM Wecoc coccheccevews. 6 6 0 3 3 
Head and neck .......... 8 5 3 3 5 
S PSE E E 4 3 1 0 4 
DANO POETE TEETE N 3 2 1 3 0 
Gynecologic............. 6 4 2 5 1 
BLS ee ee 5 4 1 3 2 
Abdomen ............... 8 6 2 6 2 
LYMPHOMA i235 cacwsaads 5 2 3 2 3 
WOE) REE Keescawenac 45 32 13 25 20 





In general, a comparison of phases 1 and 2 indicates how 
closely estimates of tumor and normal structure location utiliz- 
ing conventional techniques reflect reality as interpreted from 
the CT scan. The difference between phases 2 and 3 represents 
the improvement that might be achieved through the use of CT 
input to treatment planning. As reported previously [3], CT 
information often identified large discrepancies in the conven- 
tional workup. These were reflected in the nonuniformity and 
inhomogeneity factors in ways that were not always expected. 
Figures 1-3 indicate the kinds of differences that might be 
expected between phase 1 and phase 2 and their effects on the 
two principal evaluation parameters. 

These concepts can be best understood graphically. Figure 4 
illustrates a patient cross section with tumor indicated and two 
dose profiles for potential treatment configurations. The solid 
profile indicates superior dose uniformity to the conficuration 
which led to the dashed curve. Similarly, in figure 5 the tumor is 
more appropriately treated by the solid rather than the dashed 
dose profile since the local efficiency is greater. 


Results 


The difference in nonuniformity and local efficiency 
between phases 1 and 2 is shown in figures 6 and 7. The 
difference in nonuniformity between phases 1 anc 2 was 
negative (indicating improved CT tumor definitior) in 30 
of 45 cases (fig. 6). The distribution was skewed to the 
left, indicating occasional large errors in phase 1 physi- 
cian estimation of tumor location. Agreement between 
the evaluation parameters and the physician's jucgment 
in phase 3 was evident as indicated by the hatched bars. 

With respect to local efficiency, 24 of 45 cases were 
positive (poorer phase 2 local efficiency), ind cating 
improved CT tumor definition (fig. 7). This distribution 
also was skewed, and large differences between phases 
1 and 2 were associated with opportunities for the 
physician to optimize treatment in phase 3. 

We had anticipated that changes in tumor and normal 
Structure localization identified in the phase 2 CT scan- 
ning would have a deleterious effect on the scores of 
phase 2 treatment plans. Although this was true in some 
cases, an equal number of plans improved in phase 2, as 
shown in figures 6 and 7. This was predominantly the 
result of changes in tumor size. As indicated previously, 
a decrease in tumor size will improve the nonuniformity 
and decrease the local efficiency, and vice versa for an 





Fig. 1.— Target miss. This discrepancy between phase 1 and 2 treat- 
ment plans occurs when physician's estimate of target location (A) is 
slightly altered by additional CT information (B). In this case. percentage 
nonuniformity would increase and local efficiency would decrease. 





Fig. 2.— Target smaller. If target is found to be smaller or better 
localized due to CT information (B), then phase 2 plan can be expected 
to have decreased nonuniformity and decreased local efficiency. 





Fig. 3.— Target larger. If target appears larger with CT information (B), 
then phase 2 plan can be expected to have increased nonuniformity and 
increased local efficiency. 


increased tumor size (figs. 3 and 5). In other words, 
although the overall treatment plan was normally less 
appropriate in phase 2, one of the two evaluation param- 
eters would most likely improve at the expense of the 
other. 

Another measure of the impact of CT on treatment 
planning can be inferred from figures 6 and 7. For plans 
in which the physician felt improvement was possible, 
significant improvement in one or both of the evaluation 
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Fig. 4.—Nonuniformity. Cross section of patient with lung 
lesion (below); dose profile across tumor (above). Solid profile 
indicates small nonuniformity whereas dashed profile indicates 
large nonuniformity. 
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Fig. 5.—Local efficiency. Cross section of patient with lung 
lesion (below). Solid dose profile (above) indicates greater local 
efficiency than dashed profile. 


parameters was measured. A change of 2.0 in the non- 
uniformity or 0.5 in the local efficiency was considered 
clinically significant. Of the 25 optimized plans, 23 had 
improved local efficiency after optimization. Only 14 of 
25 had an improved uniformity of dose. This reflects the 
physician's desire to more closely fit the high dose 
region to the tumor when provided with CT information. 

We were able to identify a strong association between 
improved tumor localization (as indicated by poor scores 
on phase 2 plans) and the patients independently se- 
lected for optimization by the physician (tables 2 and 3). 
The strongest association was with respect to nonuni- 
formity, where x? analysis indicated a P value of less than 
.034. Twenty-five of the phase 1 plans evaluated for non- 
uniformity by the radiotherapist were thought to be im- 
proved by optimization. In all but four of these, the 
quantitative evaluation and the physician's judgment 
agreed. In 31 of the 45 plans, the physician’s evaluation 










Physician Optimized 


E] yes 


Reflects Poor Initial 
~— Estimate of Tumor — 
Location or Size 


No. OF CASES 


-30 a eee 10 20 
PHASE I- PHASE IL NONUNIFORMITY 


Fig. 6.—Difference between phase 1 and phase 2 nonuniformity. As 
expected, many plans scored more poorly in phase 2 when more accurate 
CT information on tumor and normal structure was aveilable. These 
plans, in which poor estimate of tumor localization was made, were most 
often selected for optimization Upon subjective evaluation by physician. 


10 Physician Optimized 


LA Yes 


Reflects Poor Initiol 
— Estimate of Tumor 
Location or Size 


No. OF CASES 


PHASE I- PHASE IT LOCAL EFFICIENCY 


Fig. 7.— Difference between phase 1 and phase 2 local efficiency. This 
is less striking than nonuniformity in fig. 6 but includes some patients 
with local efficiency less than 1 for whom potential improvement in 
optimization exists. 


and the quantitative evaluation were in agreement, indi- 
cating the validity of the quantitative technique. 


Discussion 


Health care evaluation is a difficult but important 
problem frought with physician bias [4]. The trad tional 
method of determining the quality of a technical innova- 
tion has been called autoreputational analysis; for ex- 
ample, four of five physicians prefer technique A to 
technique B. A more objective approach is to measure 
the impact of technical factors on outcome of the treat- 
ment process. For cancer treatment this is customarily 
done in terms of 5 year survival and evaluation of local/ 
regional tumor control. Unfortunately, with technical 
innovations such as treatment planning (especially small 
changes in treatment planning), it is difficult to isolate 
improvements associated with improved planning from 
all other factors effecting treatment outcome. In addi- 
tion, the 5 year wait for results is costly in terms of data 
acquisition and time. 

A third alternative is available. This is the measurement 
of improvements in the characteristics of an ind vidual 
procedure or system. This is known as measuring proc- 
ess rather than outcome [5]. The patterns of care study 
in radiation therapy [6] currently being conducted by the 
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TABLE 2 


Nonuniformity Based on Phase 2 CT 
Information 
a ee ee eee. 


Quantitative Assess- 
ment 





Physician Judgment 


Poor Good 
Phase 1 Phase 1 

Plan Plan 

Poor phase 1 plan ........ 21 4 
Good phase 1 plan........ 10 10 

TABLE 3 
Local Efficiency Based on Phase 2 CT 
Information 


ne E 
eee 
Quantitative Assess- 
ment 


Physician Judgment Poor Godd 
Phase 1 Phase 1 
Plan Plan 
ore gi a a 
Poor phase 1 plan ........ 15 10 
Good phase 1 plan........ 9 11 
e a a a a T 


American College of Radiology is based on this type of 
process evaluation. Radiation therapy planning is a well 
defined system suitable for process evaluation. Among 
its elements, tumor and normal structure localization as 
well as dose computation are the crucial factors. 

A great deal of attention has been given to the problem 
of what constitutes a good computer-assisted treatment 
plan. This has centered around attempts to optimize 
dose distributions within the volume of interest. The 
characteristics of good radiation therapy planning were 
initially proposed by Ellis and Oliver [1]. These were later 
utilized for optimization purposes by Hope and Orr [7]. A 
similar set of characteristics was used by Van der Laarse 
and Strackee [8] in order to define the relative impor- 
tance of each parameter. Recently, Redpath et al. [9] 
developed a successful optimization program using only 
one of these parameters (nonuniformity). Use of these 
parameters for evaluation of the treatment planning 
process was first reported by Ragan et al. [3] and 
Sternick et al. [10]. 

Our study is the first in which quantitative comparisons 
have been attempted on parameters of dose distribution 
in a variety of clinical situations utilizing conventional 
clinical and radiographic information with and without 
CT findings to define patient geometry, tumor extent, 
and localization of normal structures. It is apparent that 
CT provides additional information for optimizing treat- 
ment planning. We have assumed that the information is 
correct, that is, that the CT interpretations are valid. The 
Surgical explorations that would have been required to 
validate these interpretations were not clinically justified. 
It should also be acknowledged that the ultimate influ- 
ence of the information is related to the willingness of 
the physician to use it to generate better treatment plans. 

Assuming the CT information is both valid and used, 
then 31 of the 45 plans could have been improved with 


respect to nonuniformity (table 2). Admittedly, many of 
the cases were only marginally improved. However, in 
approximately 20% of the patients the radiotherapist felt 
there was significant improvement in the dose distribu- 
tion because of enhanced definition of tumor extent. Of 
the 25 optimized plans, 23 showed improved local effi- 
ciency. 

It is also apparent that there are some lesions for 
which little is achieved by the addition of CT to treatment 
planning (table 1). These are predominantly lesions in 
the oral cavity, oropharynx and hypopharynx, breast; 
and pelvis. This is most likely due to the adequacy of 
conventional clinical and radiographic information in 
defining the extent of the tumor and locating normal 
anatomic structures as well as the radiation techniques 
in which large volumes of tissue are irradiated encom- 
passing all of the tumor and regional normal structures. 
The areas in which a greater gain was achieved were the 
brain, lung, and retroperitoneal organs. In the brain, 
dose optimization was largely due to better definition of 
the volume requiring high doses of irradiation and mini- 
mizing the dose to the surrounding tissues. In the lung, 
in addition to this factor, corrections for tissue inhomo- 
geneity significantly added to the accuracy of the treat- 
ment plan. In the retroperitoneal region, better defini- 
tion of the tumor volume and location of normal struc- 
tures resulted in marked improvement in treatment plan- 
ning. 

Much attention has been given to the problem of cost 
containment with respect to CT scanners. Inadequate 
radiation therapy resulting from poor treatment planning 
can be expected to result in large expenditures for the 
management of inadequate local control of tumors or 
major complications of therapy [11]. Although costly in 
themselves, CT scanners might reduce overall expendi- 
tures for cancer therapy through more effective treat- 
ment planning [12]. 

Quantitative evaluation techniques such as the one 
discussed in this paper can make a contribution to the 
assessment of the impact of CT in treatment planning. 
They have the advantage of identifying subgroups of 
patients for whom CT will definitely enhance the capabil- 
ity of the dosimetrist or the radiation therapist. This may 
be especially important in the use of electron beams and 
high linear energy transfer particles (such as pions and 
heavy ions) where the physical characteristics of the 
beams will require very accurate delineation of the tumor 
volume. As has been indicated, the ultimate influence of 
the additional information available by CT on tumor 
control and costs of care is conjectural at this point. 
However, if more uniform and efficient dose distributions 
are advantageous, the work presented here indicates CT 
can contribute to optimizing treatment plans in these 
respects. 
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Computed Tomography: Cost and Efficacy Implications 


HERBERT L. ABRAMS' AND BARBARA J. McNEIL' 


Because CT is unique, it has been accepted by physicians 
with unrestrained enthusiasm. However, the capital invest- 
ment and cost of maintenance are high, and there has been 
no orderly program of dispersion despite the profound interest 
of the regulatory agencies in cost containment. Although the 
diagnostic accuracy of CT in both the head and body is high, 
its information gain over other competing imaging methods, 
particularly those in the abdomen (ultrasound, nuclear medi- 
cine), has not been fully documented. 

In evaluating the cost effectiveness of CT, long-term out- 
come, while the most important criterion, requires carefully 
controlled studies over many years. Short-term value may be 
measured by assessing the degree to which CT furnishes new 
diagnostic information, its accuracy, its effect on the morbidity 
and mortality of diagnostic and theraupeutic procedures, its 
impact on treatment planning, and changes in cost and sav- 
ings incident to its use. Prospective studies must relate the 
contribution of CT to that of competing methods and document 
the impact of additional diagnostic information. 


Introduction 


The high cost of CT has evoked a controversy over its 
proper role which has practical and symbolic importance 
alike. In the past, new medical services were instituted 
whenever physicians or hospitals perceived the need or 
sensed the interest of the medical community. Finances 
were usually handled through rate-setting structures 
which allowed for reasonable compensation, or through 
fund drives for specific capital acquisitions. As a result, 
some truly effective health procedures were widely and 
rapidly disseminated to the public, while less effective 
procedures were equally widely and rapidly adopted. 

A major element in the rapid increase in overall health 
care expenditures has been the cost of hospital care [1, 
2]. Annual rates of change for charges for varying com- 
ponents of hospital services have been variable, ranging 
from a low of 8% for oxygen to a high of 20.2% for 
operating room services [3]. Changes in charges for 
radiologic services (e€.g., upper gastrointestinal series) 
have been less than for clinical laboratory services 
(11.5% versus 15.7%) [3]. On the average, new and 
improved technologic services, procedures, and tech- 
niques (e.g., new and expensive drugs, laboratory tests, 
open heart surgery) are responsible for 50% of the rise in 
hospital care costs [2]. 

CT was developed at a period when increasing pres- 
sures were being exerted for cost containment. The cost 
of the Medicaid program in several states threatened 
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fiscal liquidity, and the federal investment in Mecicare 
was increasing at a level well beyond that of simple 
inflation. Regionalizing expensive installations seemed 
to make sense. Indeed, in a literal transformation of the 
health care system, the Department of Health, Educa- 
tion, and Welfare has developed numerical guidelines 
for minimum usage of CT, with the expectation that 
additional CT units will be denied until saturation of 
existing units has been reached [4]. Therefore, CT has 
become a paradigm for regulation by agencies mandated 
to deal effectively with rising medical costs. 

The appeal of CT is based on three important traits. 
The method is uniquely capable of displaying cross- 
sectional anatomy never before accessible in a form 
readily understood and interpreted. A second important 
attribute is the capacity to discriminate small differences 
in tissue density both visually and quantitatively. A third 
compelling attraction is that it is noninvasive. Conse- 
quently, physicians have reacted to CT with ‘immediate, 
unreserved and overwhelming” acceptance [5]. 

However, it is essential that physicians understand the 
character and the magnitude of the CT problem as 
viewed by the regulatory agencies and the third parties. 
Public authorities are obviously concerned with ccst but 
equally with the volume of medical care purchased per 
unit cost. Techniques and concepts developed for CT 
will surely be applied to other high cost, high technology 
medical interventions, whether diagnostic or therapeu- 
Lic. 


Cost Considerations 
Capital Investment 


The first CT units cost about $350,000 each. As new 
units appeared, particularly as whole body scanning was 
achieved, the cost increased rapidly so that many of the 
scanners today cost $550,000-$750,000 or more. Al- 
though cost breakdowns are difficult to obtain, rough 
estimates of the cost of components range from $50,000 
to $150,000. For a period, the body scarner had a 
relatively uniform total price of about $550,000 emong 
different manufacturers. This left a good deal of room 
for the cost of software, labor, and initial development. 
No ome disputes that EMI, the English company which 
produced the first unit, had every right to recover the 
development cost in a reasonable period of time. 
Whether every company requires the same ccst of devel- 
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opment in its price is not entirely clear. One manufac- 
turer reported that during the period 1972-1976, their 
diagnostic imaging equipment business rose from $3.8 
million to $52 million (a 1,400% increase), while the 
earnings from imaging equipment increased over 4,000% 
[6]. A major factor in increased earnings was “reduction 
in the material and labor components of producing CT 
scanners based on higher volumes and increased expe- 
rience” [6]. 

With so many different units planned or in production, 
there has been a widespread belief that competition 
would bring price reductions. Until recently, there was 
no support for this assumption. No manufacturer 
seemed inclined to lower the price while the demand 
remained high. Within the past year a head scanner 
costing less than $100,000 has been made available [7]. 
This dedicated, slow scanner is priced below tne level 
required for certification of need, and might conceivably 
provoke an even more rapid dispersion of brain CT to 
smaller hospitals and offices. If scanners were located in 
all hospitals of 200 beds or more, the capital costs would 
be over $1 billion; if in all hospitals of 50 beds or more, 
over $3 billion (fig. 1). 

In April 1977, 850 scanners were installed or approved 
for purchase in the United States at an estimated cost of 
$380 million [8]. By February 1978, 900 scanners were 
actually operative [9], and according to some estimates 
1,450 scanners would be ordered by the end of the year 
[10]. However, recent data suggest that this estimate 
may be too high. Industry orders have dropped from 350 
units in the first half of 1976 to 50-70 units in the first 
half of 1978 (fig. 2) [9]. This drop was largely re ated to 
actions of the regulatory agencies. 

With so much attention focused on CT, its share of the 
total capital equipment budget of the radiology depart- 
ment has not always been placed in perspective. A rapid 
escalation of the cost of conventional radiographic 
equipment has occurred in the past decade. For exam- 
ple, the $100,000 CT brain scanner represents 50% of 
the cost of a modern gastrointestinal fluoroscopic-radi- 
Ographic room. In one 670 bed hospital now under 
construction (Harvard Affiliated Hospitals Center, Bos- 
ton, Mass.), CT —including both a dedicated brain and a 
dedicated body scanner—represents less than 15% of 
the equipment cost (x-ray, nuclear medicine, ultrasound) 
and only 12% of equipment and furnishings cost (includ- 
ing film display units, film files, dark rooms etc.) of the 
entire department. For most departments, the persistent 
problem of replacing and funding the old technologies is 
more demanding than funding of the new. 


Maintenance 


At a minimum estimated annual operating cost of 
$300,000/year/machine, the cost of CT was over $90 
million in 1976 (300 CT units) [10] and may rise to $470 
million by the end of 1978 (1,400 units). Calculations 
based on an average charge of $226 per procedure and 
a yearly patient load of 2,750 procedures per machine 
increase the 1976 figure to nearly $200 million and the 
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Fig. 1.—Individual and cumulative capital costs of CT units as function 
of hospital size, at $550,000/unit. Black bars represent financial costs if 
CT units were located only in hospitals of given size (500+ beds, 400-499 
beds, etc). Hatched bars represent cumulative costs if CT units were 
located in all hospitals above particular size. Thus CT scanners in all 
hospitals of 300 beds or more would cost $800 million; CT scanners in all 
hospitals of 100 beds or more would cost over $2 billion. 
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Fig. 2.—Industry orders for CT as function of time. 
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1978 figure to $870 million [11]. Since more CT units are 
on order than are installed, the costs, however calcu- 
lated, may be expected to rise sharply over the next few 
years. 


Utilization 


In view of the effect of patient load on costs, planning 
agencies are emphasizing intensive utilization of any 
proposed CT unit and are encouraging a work week 
beyond 40 hr. In New York, for example, guidelines ask 
applicants to agree to a minimum of 60 hr/week [12]. 
These guidelines also stipulate a minimum of 35% of 
operating time devoted to ambulatory patients to avoid 
unnecessary hospitalization in order to gain access to 
CT. Evens and Jost [13] reported that the mean operating 
time across the country is 63.7 hr/week (50-55 patients/ 
week or 2,600-2,860 patients/year). Proposals fora 15 hr 
day, 7 day week (105 hr/week) emphasize the inherent 
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waste in occupying only 40% of the CT time available. 
On the other hand, the problems involved in moving CT, 
one small segment of the hospital system, into such an 
extended full scale utilization pattern are considerable. 
Aside from the difficulties of obtaining and retaining 
trained technologists, such continuous machine use 
(over twice that of conventional radiographic equip- 
ment) may well increase machine breakdown. 


Costs and Charges 


The capital investment required by purchasers of CT 
($350,000-$750,000), the yearly operating costs 
($250 ,000-$400,000), and the charges to patients have 
focused attention on the question of reasonable com- 
pensation. The relation of cost to charges is crucial to 
this question. 

Currently the average charge (technical and profes- 
sional) for a cerebral CT examination is $226 (range, 
$100-$550) [13-16]. With CT scanners located in all 
hospitals of 200 beds or more, the annual charges would 
amount to $1.2 billion if 3,000 examinations were per- 
formed per year; in all hospitals of 100 beds or more, the 
total charges would be well over $2 billion (fig. 3). The 
Massachusetts Rate Setting Commission [15] considered 
the average fee excessive and argued that the number of 
projected examinations (fewer than 2,000/year) was far 
too low. When the costs were adjusted to reflect 3,000 
patients per year, the cost per patient dropped from $190 
to $135 (including $55 for physicians’ fees). The commis- 
sion recognized that there might be legitimate variations 
in costs and charges. 

Using the estimated technical costs reported by Evens 
and Jost [13] ($337,000/year) and allowing $55 per ex- 
amination for professional fees ($165,000/year for 3,000 
examinations), the average cost is $167 per examination. 
This is more than the estimate of the Massachusetts Rate 
Setting Commission but still far less than the average 
charge of $226. At the University of Toronto Hospital and 
the Cleveland Clinic, the charges for CT have been as 
low as $100 per examination [10, 17]. 

These costs refer to cerebral scanning. Buenger and 
Bass [18] projected a cost of $250/hr for body scanning. 
Body CT scanning requires a larger equipment invest- 
ment and more radiologist time, while accommodating a 
smaller patient load (longer examination time). Recent 
experience suggests that average times for body scans 
are 1-1'/2 hr, with six to eight patients examined daily. 
The central reason for a utilization pattern so different 
from brain scanning is the degree to which a “tailored” 
study must be performed. Sections through the liver and 
pancreas may not be adequate; more caudal sections, 
including the renal areas and the retroperitoneum, may 
be essential to demonstrate the extent of disease or to 
furnish a complete tumor map. Furthermore, contrast 
enhancement may now incorporate slices during the 
earliest phase of injection (to analyze the buildup time) 
as well as during the period of stable blood pool iodine 
concentration. In this sense, a body CT scan may well be 
three or four examinations in a single patient rather than 
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Fig. 3— Individual and cumulative annual charges of CT units as a 
function əf hosp tal size, at $226/examination, 3,000 examinations/year/ 
unit. Ble@dkbars represent financial costs if CT units were located only in 
hospitais cf given size (500+ beds, 400-499 beds, etc). Hatched bars 
represea! cumulative costs if CT units were located in all hcspitals above 
a particuta size. Thus CT scanners in all hospitals of 300 beds cr more 
would result in annual charges of $800 million, and if in all hospitals of 
100 bedS=c~ more, annual charges of $2.4 billion. 


one. In addition, the radiologist now views the informa- 
tion an-ine, monitors the examination, injects the con- 
trast agent, and reorients the slices on the basis of 
informaation acquired from the early CT sections. 

Once he examination is completed, data analys s (the 
interpre ation) can be extraordinarily time consuming 
because of the enormous amount of information con- 
tainec ia the multiple transaxial cuts. Computed body 
tomoarephy, therefore, if practiced optimaly, may be 
totally cemanding of the radiologist’s time for deta ac- 
quisiter and interpretation. In contrast to the chest 
exammmetion, in which the technologist may be fully 
responsble for gathering a high quality of information 
and tr radiologist’s time is largely devotec to quality 
contre and interpretation, the body CT scan is more 
closely allied to fluoroscopic procedures or angiogra- 
phy, m which direct professional participation and su- 
pervision are absolutely integral to high quality data 
retrieval 

In 7977 total charges for CT (head and body) were 
3.8%-" 7% of total radiologic charges in four university- 
affiliated hospitals (Barnes Hospital, George Wash ngton 
Hospita , New York Hospital, and Peter Bent Bngham 
Hospita). During this same time charges for ultrasound 
were 37e-fourth as much, 0.17%-4.4%. 


Obsowtscence 


Amar ization is an important element in determining 
costs The average amortization period for CT unts is 5 
years athough several Blue Cross plans are assuming 
depreciation periods of 7 years or more [15]. Sinca 1972 
when C7 was introduced, however, the technology of CT 
has progressed considerably. Facilities which purchased 
the fist EMI scanner have had to decide whether to pay 
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$25,000-90,000 to upgrade their machines when in 
some cases the units were less than 1 year old. Clearly 
the machines purchased during this period may become 
obsolete at a faster rate than 5 or 7 years, and a 3 year 
amortization period has been suggested [19]. No one 
can predict the point at which relative stabilization of CT 
scanners will occur [20]. 


Diffusion of CT 


The Certificate of Need (CON) statutes require r gorous 
justification of health programs and are interded to 
assure that the greatest impact possible is derived from 
health care expenditures. CT has provided a major op- 
portunity, outside of construction per se, for reculatory 
agencies to use these statutes in a manner which will 
definitely affect hospital practice and technologic dis- 
semination. Nevertheless, until recently the limiting fac- 
tor in diffusion seemed to be the availability of new units 
[8]. Since 1976, however, over 50% of Certificate of Need 
applications for CT have been refused by reculatory 
agencies. Between June 1975 and July 1976, 199 appli- 
cations were rejected [9]. 

Criteria for estimating the required number of CT brain 
scanners are usually based on the number of conven- 
tional brain studies performed per year, various ratios of 
these studies, number of neurologic disorders per year, 
and/or population [14]. When the criteria from various 
States are applied to Massachusetts, the estimates of 
need for brain scanners vary between five and 31 and for 
body scanners, between five and 52. The consequence 
of these variations is a disparate national distribution of 
CT units. In recent CT guidelines adopted by the Ameri- 
can College of Radiology [21], a demand level cf 2,000 
head and/or body scans per year was considered ade- 
quate to justify purchase of a CT unit. Such a level of 
demand was thought to be predictable when one or 
more of the following conditions were met: (1) an un- 
served population of about 150,000; (2) a hospital with 
250 acute beds; and (3) current performance of 30,000 
general imaging procedures per year. 

Recently, a more stringent set of criteria was proposed 
by the Health Resources Administration in the Federal 
Register [4]. These were subsequently modifiec to in- 
clude the following: (1) “A computed tomographi> scan- 
ner (head and body) should operate at a minimum of 
2,500 medically necessary patient procedures per year’’: 
and (2) “there should be no [new] CT scanners approved 
unless each existing CT scanner in the health service 
area is performing at a rate greater than 2,500 medically 
necessary patient procedures per year.” ‘‘Medica'ly nec- 
essary patient procedures” were defined in the discus- 
sion of these criteria as including “during a single visit, 
the initial scan plus any additional scans of the same 
anatomic region.” Thus a patient who received CT ex- 
aminations of the mediastinum, liver, and pelvic viscera 
would be construed as having three patient procedures. 
However, a patient having routine (noncontrast) and 
contrast studies of the liver would be construed as 
having one patient procedure. 


Whatever the method for final determination of the 
number of CT scanners required, the figure will be 
related to population and used in determining which 
hospitals should be given a certificate of need. Other 
factors in this decision include geographic dispersion to 
provide maximum public access, referral provisions for 
cooperative use of facilities, medical priorities for use of 
facilities, access to backup facilities, and available 
funds. Because of the lack of capital funds for equipment 
in New York City, not a single municipal hospital has as 
yet purchased a CT scanner (M. Elkin, personal commu- 
nication). 

Diffusion of scanners has progressed faster in the 
United States than in other countries (table 1) [9]. The 
United States has the highest ratio of scanners per unit 
population (1:235,000). Canada, England, France, and 
Sweden have been the most conservative in their ap- 
proach to CT. 


TABLE 1 


Ratio of Head and Body CT Scanners to Total 
Population, 1977 














Country Ratio 
United States [9] ................. 1:235,000 
FROMM detonated wire hoe gsSa Xe cx 1:450,000 
Al u ry ERRAL ERTE ET A EE 1:500,000 
Le EEEIEE E SN 1:640,000 
IIE AE E EET 1:1,000,000 
NEI ET EETA AES EEE 1:1,000,000 
England#: 

EVONYECONNOE ici cccscdevceess 1:2,000,000 
DOG SCAN E 1:7,000,000 
FOUN de nccaietOneekssndseues 1:2,400 000 


* C. B. A. J. Puislaert, personal communication. 

t J. Egawa, personal communication. 

¢ S. Schorr, personal communication. 

§ D. MacEwan, personal communication. 

|| L. Björk, personal communication. 

# H. Saxton, personal communication. 

** F. Pinot and J. Vernier, personal communication. 


Cost Savings 


The purported impact of CT on financial costs and 
Savings is controversial because so far all estimates are 
theoretical. These calculations consider averted hospital 
admissions achieved by outpatient diagnostic evalua- 
tions, averted invasive procedures avoided by CT, 
shortened hospital stays, and averted therapeutic pro- 
cedures resulting from better definition of disease as 
cost-saving elements [22]. This approach neglects the 
fixed cost component of most elements of health care as 
well as the increased number of CT examinations done 
relative to other noninvasive examinations (radionuclide, 
ultrasound), that is, the additive rather than substitutive 
effect of CT. The additive effect has been quantitated in 
at least two institutions where it ranged from 50% to 
100%. For example, at the Beth Israel and Peter Bent 
Brigham Hospitals (Boston) the number of neurodi- 
agnostic imaging procedures increased by 88% from 
1974 (pre-CT) to 1976 (post-CT) [22]. At the Indianapolis 
Veterans Administration Hospital the increase was nearly 
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60% and in Sweden as a whole, 50% (E. Cockerill, L. 
Bjork, personal communications, 1978). 

A recent survey has examined the effect CT will have 
on diagnostic expenditures in 1980 [24]. Gempel et al. 
[24] compared costs of cranial, abdominal, and medias- 
tinal diagnosis with and without CT, including conven- 
tional radiographs, special radiographic procedures, ul- 
trasonography, nuclear medicine, and exploratory sur- 
gery as the alternative diagnostic procedures. They esti- 
mated that the total annual national cost of diagnosis in 
these areas without CT is presently $3 billion and that 
the cost will remain unchanged in 1980 despite a large 
projected increase in the use of CT. This balance was 
achieved by assuming that the $1 billion cost of CT in 
1980 will be accompanied by an exactly equal savings in 
the cost of other diagnostic procedures. In particular, 
they believe that the number of exploratory laparotomies 
and craniotomies will drop by 50%, leading to a Savings 
of $0.5 billion, and that a drop in a variety of radiologic 
examinations will produce comparable Savings. 

The lack of hard data underlying their assumptions 
seriously weakens their conclusions on cost contain- 
ment in 1980. For example, the assumption of a 50% 
reduction in abdominal or mediastinal exploratory sur- 
gery must be speculative, because virtually all such 
procedures require a histologic diagnosis, which is cen- 
tral to the ultimate management of patients with carci- 
noma. CT cannot provide histology; therefore it is diffi- 
cult to anticipate a reduction of the magnitude proposed. 
If such a reduction occurs, it may well have more to do 
with the application of currently accepted percutaneous 
biopsy techniques of lung and abdomen which are now 
readily available and which use fluoroscopy or ultra- 
sound for localization. 

Similarly, the study assumes a drop in abdominal 
ultrasound by 1980, despite the fact that ultrasound 
seems to be in an explosive growth phase, with some 
estimates suggesting a 38% increase in sales by 1981 
[25]. The lower cost of ultrasound units and their steadily 
increasing resolution, as well as new developments in 
real-time ultrasound, suggest that the rising cost of CT 
may well be paralleled by a rise in the use and total cost 
of ultrasound. 

Despite these reservations, the study by Gempel! et al. 
[24] serves an important function. With the availability of 
a specific and detailed list of the components of a cost 
analysis for CT, the medical community is now explicitly 
aware of the magnitude of the changes that must occur 
for these diagnostic expenditures to remain at their 
current level in 1980. 


Measures of Effectiveness 


The concern of the regulatory agencies is principally 
with cost-effectiveness. In response to CT, they have 
asked, Does the diagnostic information obtained affect 
health outcomes and, if so, at what cost? Implicit in this 
formulation are two other questions: (1) Are these effects 
better than those achieved with other diagnostic meth- 
ods (e.g., radionuclide or ultrasound studies)? and, if 


so, @) Will CT supplant certain existing noninvasive and 
invasive tests? 

Am approach to measuring effectiveness which con- 
cenarates on health outcome as the criterion of əfficacy 
is a general one and clearly the best one. However, this 
app oach has both theoretical and practical limitations 
when applied to diagnostic medicine—CT in this case. 
Theoretically it is problematic because frequently health 
outcomes are not altered, due to the nature of the 
disease under study. In those diseases for which satis- 
factory treatment has not yet been achieved (e.@., brain 
tumors or pancreatic carcinoma), new diagnostic tech- 
nolcgies (no matter how precise and innovative) cannot 
alte- health outcomes without improved therapy. Mea- 
suring health outcomes takes time, and adequate studies 
cannct usually be performed before decisions regarding 
regalation and diffusion must be made. Preliminary data 
on the impact of CT (head or body) on heaith outcomes 
are sparse and not very encouraging. For example, 
although CT has influenced dramatically the type of care 
affarded to patients with acute head trauma, it has not 
improved survival (26].* 

Thus it seems that the efficacy of CT in the short term 
must 9e established by other criteria. One such measure 
of ~alue is whether there is, in fact, new diagnostic 
infcrmation regardless of its effect on health outcomes. 
Such an approach assumes that additional knowledge 
ma” not only have an important impact on short-term 
management but also that in the future, as in the past, 
diagnostic advance may well predate and stimulate ther- 
apeutic progress. Within this framework, data summariz- 
ing the impact of CT can be considered from two points 
of wiew: (1) the accuracy of the diagnostic evaluation 
obtained with CT and the extent to which its use lowers 
shcrt-term morbidity or mortality, and (2) the effect CT 
has on therapy planning [23, 27]. 

There are numerous papers on the accuracy of CT of 
the head and body. CT of the head is a reletively precise 
diagnostic method with overall accuracy of 90%-98% in 
bræn tumors [28-30] and intracranial hemorrhage [31]. 
So far body CT seems to be about as sensitive and 
specific in the liver, kidney, and pancreas as competing 
me-hods (ultrasound, nuclear medicine). The important 
unanswered questions about body CT are whether it 
offers an increment in either sensitivity or specif city over 
other competing methods, and, if so, to what degree. 

Changes in short-term morbidity or mortality from use 
of CT are difficult to document. For the head, it is 
assumed that there have been changes due to the drop 
in ase of invasive procedures: pneumoencephalography 
decreased by 40%-90% and cerebral angiography de- 
creased by 15%-65% [10, 32-35]. However, the decrease 
in Jneumoencephalography came at a time when many 
institutions were already substituting arteriography for 
pn2umography. 

Changes in therapy achieved by use of CT of the head 
are said to have occurred in a large proportion (94%) of 





- Editor's note. — See also Zimmerman et al. in this issue. 
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Fig. 4.—A, Role of CT in patients with symptoms or signs of intracranial disease. Because skull film so rarely yields positive information except in 
trauma, CT and radionuclide scans are effectively used as primary or "screening" modes of imaging evaluation. Angiograms and ventriculograms are 


seldom used as primary modes and rather provide definitive information for dia 


gnosis and therapy. B, Role of CT in patients with symptoms or signs of 


abdominal disease. In abdominal disease there are many useful imaging examinations used in primary or “screening” manner. CT frequently clarifies 
results of these tests, while more invasive procedures are general y more definitive. Radionuclide and ultrasound studies, listed here as Clarifying tests, 


may be used as primary tests as well. 


patients with head trauma and a smaller proportion (less 
than 20%) of patients with central nervous system dis- 
ease in general [26, 36]. Data relevant to the body are 
preliminary so far, but imply changes of about 25% in 
both the choice of surgical versus nonsurgical therapy 
and in the precision of radiation therapy portals [37-39]. 
All such figures must be subjected to critical and contin- 
uing reevaluation in order to be verified. 


Conclusions 


Computed tomography is a costly but highly innovative 
contribution to medical diagnosis and represents the 
most important technical development in diagnostic ra- 
diology since the introduction of image amplification. 
CT of the brain is a primary diagnostic method for 
disease of the central nervous system, the usefulness of 
which has been widely demonstrated (fig. 4A). CT of the 
body is a second level diagnostic approach to viscera 
and anatomic areas for which there are already many 
effective imaging techniques available (fig. 4B). Its con- 
tribution to medical diagnosis beyond that of competing 
imaging technologies has not yet been fully established, 
but it will probably have a major role, particularly in 
oncologic disease. 

It is already clear that CT of the body is a diagnostically 
accurate method. Further documentation of its efficacy 
requires careful prospective studies in which the contri- 
bution of CT is clearly related to that of competing 
methods and the impact of additional diagnostic infor- 
mation is documented. 
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Efficiency of Utilization of a Computed Tomography Scanner 


JAMES WINTER: 


Efficient utilization of diagnostically effective but expensive 
computed tomography (CT) brain scanners requires under- 
standing of time factors influencing patient throughput. In a 
study at UCLA Medical Center using an EMI Mark | brain 
scanner, the average number of patients studied was 16.3 per 
15.5 hr workday, for an average of 52.7 min per patient. Of the 
patients, 51.5% were inpatients at UCLA, 45% received intra- 
venous iodinated contrast infusion, and 33% had studies 
showing significant abnormalities. The x-ray tube was on 
51.1% of the time the scanner facility was open, with scanning 
averaging 34.6 min per patient. The average number of im- 
ages obtained was 10.4 per patient at 3.4 min per image. 
Patient handling, including contrast infusion, accounted for 
an additional 16.2 min per patient or 34.4% of the total time 
utilization. Anesthesia lengthened the procedure by 1 hr but 
was needed in only 4.5% of the cases. Flexible scheduling 
was essential, since 14% of the patients failed to keep their 
appointments or had their studies cancelled. These timing 
data suggest that the faster, more expensive CT scanners 
being introduced, while having diagnostic advantages for 
body scanning, will not significantly decrease cost per patient 
when used for brain scanning compared with the first genera- 
tion machine studied. 


The diagnostic efficacy of computed tomography (CT) is 
well established, and the economic impact of this new 
technology is being felt [1, 2]. The large demand for CT 
services and the limited patient throughput capability of 
the equipment prompted study of the time factors limit- 
ing utilization efficiency. Previous studies of scanner 
utilization patterns [3-5] have provided very limited data 
regarding the relative contribution of machine speed 
versus patient handling time to scanner productivity. 
This information is essential for economic extrapolations 
used in planning future scanner designs and acquisi- 
tions. This study was designed to obtain accurate timing 
measurements without imposing a burden of logging 
extra information or modifying the established patient 
handling procedure in any way. 


Materials and Methods 


The EM! Mark | brain scanner [6] produced two 160 x 160 
matrix images about 20 sec after each 5 min scan. Scans 
through the petrous ridges were lengthened to 6.5 min to 
reduce artifacts by scanning beyond 180°. The patient reclined 
on a movable couch allowing the head to be secured, sur- 
rounded by the rubber cap of the machine's water box. Pictures 
were recorded on Polaroid film as soon as available from the 
computer. At the time of the study, the scanner had been in 
operation for 17 months, and about 4,500 studies had been 
performed. 

A staff neuroradiologist or neuroradiology fellow monitored 
each study, and although a radiologist was not continuously 
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present in the scanner control room, one was always in the 
immediate vicinity and could be called by intercom. While 
emergency cases preempted the schedule and inpatients were 
taken as soon as possible, there was a large backlog cf routine 
outpatient requests, with more than a 1 month schedul ng delay 
which ereated pressure to maximize scanner utilizatior. 

The scanner was open routinely as a continuous, double 
shift, 16 hr operation Monday through Friday. The average staff 
consisted of 2.5 radiologic technologists, one secretary, one 
patient escort, 1.25 secretary/transcriber, and a pool of five 
neuroradiologists. The secretary prescheduled an average of 
12.6 patients daily (9-16 during the month under study); outpa- 
tients were scheduled in the afternoon and one general anesthe- 
sia case in the morning. If required, additional inpatients and 
emergency patients were added to the schedule during the day, 
and cancellations and no-shows were dropped. All appoint- 
ments and changes were recorded on scheduling worksheets. 

Scanner operation was recorded for 1 month with an Ester- 
line-Argus voltmeter attached to the x-ray warning light circuit. 
This produced a continuous stripchart showing minute-by-min- 
ute when the machine was scanning (fig. 1). An elapsed-time 
meter independently measured the total time the x-ray tube was 
on. 

Scheduling worksheets were analyzed for the 1 month period. 
In addition, the teletype log from the EMI scanner cperator's 
station was compared with the stripchart recording to obtain 
detailed timing measurements for a 1 week interval. Each scan 
was identified by patient number, and interruptions for ex- 
changing patients and starting intravenous contrast infusions 
were marked. Contrast infusions consisted of 300 ml of 30% 
meglumine diatrizoate or iothalamate injected through a 19 
gauge butterfly needle or attached to an existing intravenous 
line. 

The duration and number of scans with and without contrast 
and the duration of interruptions for exchanging patents and 
performing intravenous infusions were measured from the re- 
cording. Data for each patient were entered into the UCLA 
Campus Computing Network IBM 360/91 computer, and a 
descriotive statistical analysis was computed using the APL 
time-snaring system. Cases performed under general anesthe- 
sia were identified so they could be studied separately. 


Results 


On the 22 weekdays during the month under study, 
359 cases were scanned (table 1). The average number 
of patients examined daily was 16.3. About 50% of the 
patients were inpatients at the UCLA Medical Center, 
35% were outpatients, and 10% were inpatients at other 
neighboring hospitals. While only 3% were referred from 
the Emergency Service, this underestimates the fre- 
quency of emergency studies, since many patients were 
admitted to the hospital prior to the emergency scan, 
and right and weekend cases were not included in the 
tabulations. Approximately one patient ir 22 required 
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Fig. 1.—CT scanner operation for 1 month period. Stripchart shows 
minute-by-minute when x-ray tube was on. 


general anesthesia for adequate immobilization: most of 
these were pediatric patients. Sedatives were adminis- 
tered intravenously to adults, when required. Flexible 
scheduling was required since almost 14% of the sched- 
uled examinations were not done either because of last 
minute cancellations of requested inpatient studies or 
because outpatients failed to keep appointments. The 
percentage of last minute inpatient cancellations (13.3%) 
was similar to that of failed appointments by outpatients 
(14.4%). 

The need for a waiting period for cases which were not 
medically urgent prompted several individuals to suggest 
keeping the scanner open routinely 24 hr a day. No one 
directly involved with the scanner operations was in 
favor of this. We found that after 10:00 p.m. an increas- 
ing percentage of hospitalized patients with normal men- 
tal status objected to or completely refused the exami- 
nation. Of course, emergency examinations were always 
available. A typical weekend consisted of two to four 
emergency cases, but nighttime emergencies Monday 
through Friday were uncommon because the extended 
hours of routine operation accommodated most cases. 

The high utilization efficiency necessary to meet the 
large demand for scans required that the next patient to 
be scanned be immediately available when the scanner 
became free. Since one in seven outpatients failed to 
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keep their appointments, we found it necessary to keep 
them waiting a minimum of 15 min to give us time to call 
for a waiting inpatient at the last moment. if necessary. A 
patient escort devoted solely to transporting hospitalized 
CT patients was indispensible. Inpatients were often 
temporarily unavailable for scanning because of conflict- 
ing tests, so that the presence of a queue of “on call” 
inpatients waiting for scans allowed us the flexibility to 
keep the scanner busy. The technologists and other 
scanner personnel understood the large capital invest- 
ment in the equipment and the necessity for high scan- 
ner productivity; we emphasize this by pointing out that 
the scanner operating cost was roughly $0.10/sec. 

The diagnostic outcome for 128 cases was as follows: 
normal, 57%; atrophy, 10%; and abnormal. 33%. Figure 
2 and tables 2 and 3 analyze the number of images 
obtained for each patient examined. The average num- 
ber of images was 10.3 per patient. About 45% of the 
patients were studied with eight images (four scans) and 
89% with eight to 14 images (fig. 2). Three patterns 
accounted for 83% of the cases (table 3): (1) eight or 10 
noncontrast images only (50%); (2) eight or 10 postcon- 
trast images only (12%); or (3) four precontrast images 
followed by eight or 10 postcontrast images, or else six 
precontrast images followed by nine postcontrast im- 
ages (21%). The greatest numbers of images were ob- 
tained when attention was directed to the orbits. para- 
sellar region or posterior fossa. In this study, 45% of 
patients received iodinated contrast material: 14% had 
scans following contrast only. Many of these 14% were 
patients without focal neurologic findings being studied 
to detect either metastases or a cause for long-standing 
seizures. 

Operating time from the start of the tube warm-up in 
the morning to the end of the last scan on the last patient 
at night averaged 15.5 hr daily (range, 14.6-17.1 hr). This 
time excluded night and weekend emergencies and time 
spent at the end of the day for archiving the images on 
digital magnetic tape and for retrieving duplicate photo- 
graphic copies of previously recorded images. The X-ray 
tube was energized for 51.1% of the operating time; 
figure 1 shows minute-by-minute when the scanner was 
productively utilized. Operating time consisted of one- 
third patient handling time and two-thirds scanning time 
(fig. 3). 

Patient handling time consisted of time for changing 
patients with or without starting contrast infusion and 
time for starting contrast infusion between pre- and 
postcontrast scans in the same patient (table 4). Time to 
change patients averaged 14.0 min, while total patient 
handling time averaged 16.2 min per case. Of the aver- 
age 17.0 min to change a patient and to start an infusion, 
it took 13.5 min to remove one patient from the scanner. 
wait for the next patient, and position the new patient in 
the scanner on the movable couch. Starting a contrast 
infusion before the first scan was kept to an average 3.5 
min by beginning the infusion prior to patient positioning 
so that scanning could start as soon as the patient was 
in place. By comparison, an average 7.5 min was needed 
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TABLE 1 
Numbers of Patients by Category 





























Monthly Total No. per Day 
No. %* Maximum Minimum Average 

Studies performed: 

UCLA INMATES cc bincdaciines 185 51.5 13 S 8.4 

OUND ATIOING 6 isa cig bars iei 125 34.8 10 2 5.7 

Emergency TOOM oi35066 64504006 11 3.1 3 0 0.5 

Other hospital inpatient ......... 38 10.6 3 0 ke 

iC: een en rane error 359 100 19 13 16.3 

Failed appointment............... 21 5.8 3 0 1.0 
Danch sos kiw ac iixeten cadens < 34 9.5 3 0 1:5 
General anesthesia .............. 16 4.5 2 0 0.7 

* Percentage of total studies performed. 

t Cancelled after start of working day. 

t Included in studies performed. 

48 TABLE 2 
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Fig. 2.—Histogram showing total number of images 
per case. 


to start an infusion on a patient already in place after 
precontrast scans. Total infusion time was actually 
longer than these measurements indicate because 
scanning the highest section was often started before 


Number of Images Per Patient 





Before After 


Contrast Contrast Total 
RI ARA baie E E yuo 9.0 10.3 
Standard deviation........ 2.4 2.0 | 
OT i . ob ke daackeeraosis 8 8 10 
T 6.2 eine bck sees eee 8 8 8 
Mode frequency .......... 40 29 49 
RACV ssc wd. dca dress 2 4 2 
De Un E 12 14 22 
ce | eer 92 49 107 
TABLE 3 
Patient Distribution by Numbers of Images With and Without 
Contrast 
No. No. Without Contrast 
With Ks ‘Pai 
Contrast 0 2 4 6 8 10 12 
Die ok 0 1 0 2 37 16 2 58 
2 gree 0 0 0 0 0 0 0 0 
i PEANO 0 0 0 1 0 0 0 1 
o EE 1 0 0 0 0 0 0 1 
o E EE 11 2 7 T 1 1 0 29 
ET O is Biove: 5. kana 2 0 8 1 0 0 0 11 
| ee 1 0 1 1 0 0 0 a 
I NAET 0 0 1 1 1 0 0 3 
Fetal .... 15 3 ag 13 39 id 2 106 


Note. — Boldface numbers represent most common patterns. 


the infusion was complete. This was done not just to 
save time; since the contrast induces a rapid osmotic 
diuresis and subsequent urge to urinate, studies were 
completed as quickly as possible. 

Scanning time averaged 34.6 min per patient (table 5). 
This included the time from the start of the first scan (x- 
ray on) to the end of the last scan (x-ray off), but 
excluded the time attributed to starting the iodine con- 
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Fig. 3.—Scanner utilization. Scanning period 
(65.6%) includes 51.1% with the x-ray tube on and 
14.5% for finishing computer processing, reposition- 
ing patient and gantry, and photography. 


trast infusion after the last precontrast scan. Scanning 
time averaged 6.8 min per scan (two images) including 
about 1 min/scan for completion of computer process- 
ing, for manual repositioning of the patient and gantry 
for the next scan, and for taking Polaroid photographs 
of all but the last pair of images. The x-ray tube was on 
for an average of about 27 min per case. 

The total study time averaged 52.7 min per case 
including anesthesia cases, but ranged from less than 30 
min to almost 2'/4 hr for one anesthesia case (table 6). 
General anesthesia [7] added about 1 hr to the length of 
the study, including roughly 30 min for setup and intu- 
bation and 15 min each for extubation and for additional 
images (14 or 16 images total) obtained for complete- 
ness. 


Discussion 


Substantial progress has been achieved in CT scanner 
technology since the introduction of the EMI Mark | brain 
scanner. A tenfold speedup of image production by the 
use of rotational third generation gantries and parallel 
processor computers is now feasible with equipment 
approximately double the cost of the EMI Mark |. These 
developments offer significant diagnostic advantages, 
since it is now clear that scanning speeds shorter than 5 
sec are required to obtain consistently high quality 
artifact-free scans of the abdomen and chest. It was 
hoped that such a marked potential increase in equip- 
ment productivity would lead to cost reductions when 
applied to neuroradiologic studies. Our data suggest 
that this will not be the case. Since only half of the time 
is devoted to x-raying the patient, even if the scanning 
and computational time are instantaneous, only a dou- 


TABLE 4 
Patient Handling Time 

















Change 
Change Change Patient Infuse Total 
All Patient and Contrast 
Patients’ Only Infuse Only 
Contrast 
| ee ee, ee 14.0 3.5 17.0 1s 16.2 
Standard deviation.... 6.4 6.4 5.8 4.1 70 
hs nn 12-0 10.8 15.9 5.6 15.4 
MINIMUM wc 6ceccce een 5.6 5.6 10.8 3.1 5.6 
Maximum ............ 40.0 40.0 31.3 22.6 45.1 
No. patients .......... 99 84 15 29 99 








Note. —Time in minutes. General anesthesia patients are excluded. 
* Some patients also infused with contrast. 


bling of capacity could result, which would be offset by 
the doubling of equipment cost. Such extrapolations are 
hazardous, however, because they assume that nothing 
else changes. Also, not all of the newer CT scanners 
marketed use parallel computers to speed image gener- 
ation; the increased complexity of these instruments may 
lead to decreased reliability and more frequent repairs 
with less time available for scanning patients. 

The improved capabilities of the newer scanners will 
permit more images representing thinner slices to be 
obtained and displayed in various anatomic orientations 
(8, 9]. While this will improve diagnostic accuracy in 
certain areas, it will tend to offset the increased imaging 
speed per picture. However, faster scanning will reduce 
the need to repeat images corrupted by motion artifacts, 
a factor not measured in this study. Another considera- 
tion is that contrast infusion occupies several minutes 
per case and that contrast enhancement of tumors is not 
maximal immediately after injection [10]; slower scan- 
ners are relatively accommodating in this regard. 

A single radiologic technologist was kept quite busy 
both by the EMI Mark | scanner and by performing 
ancillary duties such as answering inquiries, scheduling 
patients, arranging for the next patient, handling paper- 
work, and photographing images. A faster scanner may 
require additional personnel unless it automates many of 
these other functions. The use of Polaroid instant pho- 
tography allowed rapid review of each case to check the 
adequacy of the study and to decide if contrast infusion 
was needed. This was necessary since the EMI Mark | 
scanner could not simultaneously scan and display im- 
ages. Transparency photographic recording on sheets 
or rolls of film allows greater gray scale latitude and 
lower film costs, but the film processing may cause a 
bottleneck and impair scanner efficiency. 

We were able to study in excess of 16 patients per 
average extended working day during the study period 
using a first generation scanner. As increasing numbers 
of scanners are installed, it will become increasingly 
unlikely that all but the largest referral centers will have 
the volume of cases to saturate the capacity of their 
scanner. This excess capacity has been misinterpreted 
by health planners as a reason for preventing scanner 
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TABLE 5 
Scanning Time 








Before Contrast 





All Each 
Scans Scan 
BOER TE ETETE E 23.9 6.8 
Standard deviation........ 8.1 1.8 
A e i a a E a ne eens 24.6 6.4 
MINIMUM ................. a4 5.1 
MOUM | 6 occ. iaa oe Bs 49.7 20.5 
No. patients .............. 92 92 
Note. —Time in minutes. 
TABLE 6 
Total Study Time 
Without With 
Pesci Pa Total 
Ta E EEEE 50.1 109 52.7 
Standard deviation ...... 15.8 43 19.7 
ON RR. et arene 45.1 rat 46.2 
Minimum ............... 26.7 baa 26.7 
NN 2 a gee ea 107.7 cat 133.8 
ee ee 99 4 107 
Note. — Time in minutes. 
* Estimate. 


acquisitions by institutions where they are essential for 
proper medical care. Since CT is lifesaving in neurosurg- 
ical emergencies, it is obvious that every institution 
performing neurosurgical procedures or treating acute 
severe head trauma must have a CT scanner regardless 
of utilization efficiency. 

The substantial patient handling time suggests that 
increased patient throughput might be achieved by the 
availability of interchangeable stretchers allowing pa- 
tient immobilization, positioning, and contrast infusion 
while another patient was being scanned. However, this 
would require additional space and personnel. 

Less costly CT scanners with capabilities similar to 
that of the EMI Mark | will soon offer the opportunity for 
reduction of the cost of cranial CT for those institutions 
not requiring torso scanning capability. Rapid third gen- 
eration scanners, when used for brain scanning, are 
expected to reduce motion problems and increase spa- 
tial resolution. However, unless equal progress is made 
in speeding up patient handling and operator-machine 
interaction, these will limit patient throughput to an 
extent that the higher equipment and personnel costs 


After Contrast Total 

All Each All Each 
Scans Scan Scans Scan 
30.7 6.8 34.6 6.8 

8.3 1.0 12.8 LZ 
28.7 6.6 30.3 6.4 
10.3 5.4 19.5 = 
60.5 10.8 84.1 20.5 
49 49 107 107 


will largely cancel the potential savings due to faster 
image production. 
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Computed Tomographic Scanning in Children: Comparison of Radiation 
Dose and Resolving Power of Commercial CT Scanners 


ROBERT C. BRASCH,' DOUGLAS P. BOYD, AND CHARLES A. GOODING 


Surface and internal radiation doses for abdominal com- 
puted tomography (CT) of children were determined using 
child-sized phantoms and seven models of CT body scanners. 
Resolving power of each scanner was determined simultane- 
ously with the radiation dose determination. The average 
surface skin dose for a complete CT body examination ranged 
from 0.39 to 5.60 rad, varying with patient size and model of 
CT scanner employed. A high contrast (12%) resolving power 
phantom of water-filled holes in acrylic showed a range of 
1.75-2.25 mm. 


Introduction 


Knowledge of patient radiation dose received from com- 
puted tomography (CT) with whole body scanners is 
essential to the determination of a benefit-risk ratio for 
this procedure. The radiation dose to children, for whom 
dose is perhaps most important, has not been deter- 
mined. Information on radiation exposure is essential to 
both the clinician requesting a CT examination and the 
radiologist performing these examinations. Heretofore, 
an independent study of dose from different models of 
CT body scanners performed with the same phantom or 
phantoms under similar circumstances has not been 
available. The purpose of this study was to determine the 
range of patient radiation dose for CT body examinations 
of children with clinically employed CT techniques using 
several commercial CT body scanners. 

Two specially constructed plastic phantoms, one re- 
sembling the size of a 10-year-old child’s abdomen and 
the other resembling a 6-month-old infant's abdomen, 
were scanned in each scanner. Surface and internal 
radiation doses were determined with thermolumines- 
cent dosimeters fitted around and within the phantoms. 
Resolving power was simultaneously determined with a 
series of variable-sized water-filled holes in acrylic within 
the phantoms. The axial dose distribution of a single CT 
section was measured for each scanner because this is 
one important determinant of the total radiation dose 
from a complete CT examination of several CT sections. 
Determinations were made with the following CT body 
scanners: EMI-Tronics CT 5005, General Electric CT/T, 
Ohio Nuclear Delta 50, Ohio Nuclear Delta fast scanner, 
Ohio Nuclear Delta 2000 preproduction prototype, Pfizer 
200 FS, and the Varian CT scanner. 


Materials and Methods 
Dosimeters 


Radiation dose determinations were made with commercially 
available thermoluminescent dosimeters (Radiation Detection 
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Co., Sunnyvale, Calif.). The dosimeter capsules were 15 mm 
long and 3 mm in diameter allowing insertion into holes perpen- 
dicular to the tomographic section within the plastic phantoms. 
The final radiation dose readings were provided by the supplier 
with a reported precision of +10% for doses over 100 mR. The 
dosimeters were calibrated for radiation doses less than 100 rad 
in the range of diagnostic x-ray energies. 


Phantems 


Two phantoms (fig. 1) made in sections of polystyrene and 
acrylic were constructed to simulate the sizes and abdominal 
contours of a 6-month-old infant and a 10-year-old. The circum- 
ference of the smaller phantom was 36 cm and that of the larger 
phantem was 66 cm. Narrow grooves, designed to hold dosim- 
eter capsules, were placed on the anterior, posterior, and lateral 
aspects of the central section of each phantom. Within the 
central section, holes were drilled in the center and in each of 
the four quadrants. An additional dosimeter capsule could be 
fitted to the end of a plastic rod which extended 32 cm from the 
central section. The dose recorded at the end of the rod was 
intended to simulate the dose to the thyroid gland. In total, 10 
dosimeter capsules (four circumferential, five internal, and one 
thyroid’) were placed in each phantom. The central sections 
of the phantoms, used for dose determinations, were composed 
of polystyrene, a relatively expensive material with a CT density 
similar to water. The end sections of the phantoms were 
constructed of acrylic. 


Resolving Power Module 


A commonly used resolving power module was incorporated 
into one end of each of the phantoms (fig. 2). This module 
consists of nine parallel rows of holes drilled in tne acrylic and 
filled with water. The diameters of the holes vary from 3.0 mm 
to 1.0mm with 0.25 mm increments in hole diameter between 
rows. The holes in each row are the same size, and the distance 
between the centers of the holes is two times the hole diameter. 
The CT image of the resolving power module is shown in figure 
3. The row cf holes with the smallest diameter which could be 
clearly identified as distinct circles determined the resolving 
power of that CT scanner. The resolving power determination 
was made from the CT images of the module as “hey appeared 
on the cathode ray tube, but the images were also recorded on 
x-ray or Polaroid film. Radiographic factors for the resolving 
power determinations were the same as those used in the dose 
determinations and appear in the results section. 

In order to calibrate the dependence of resolving power on 
dose for a given CT scanner, a series of scans were performed 
using the General Electric CT/T scanner and varying dose 
levels. All technical factors except tube current were held fixed. 
Using 288 1.1 msec pulses, scans were performed using tube 
currents of 40, 80, 160, and 250 mA, which corresponds to a 
range of 6.2:1 in dose. 
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Fig. 1.—Two pediatric phantoms made in sections of acrylic and 
polystyrene (center) 36 and 66 cm in circumference. Each phantom was 
fitted with 10 thermoluminescent dosimeters, nine in plane of central 
section and one at end of plastic rod to simulate thyroid position. 





Fig. 2.—Close-up of resolving power module incorporated into each 
phantom. Rows of seven holes, filled with water, range in size from 3 mm 
in top row to 1 mm in bottom row. Holes change in size 0.25 mm between 
rows. 


Dose Determinations 


Radiation dose determinations were performed with both of 
the phantoms in each of the CT scanners with the exception of 
the Varian CT scanner in which only the larger phantom was 
used. The phantoms were loaded with thermoluminescent do- 
simeters for each determination and exposed to a series of eight 
consecutive CT sections. The phantom section containing nine 
of the dosimeters was in the center of the eight CT sections. 
The sections were at 1.0 cm intervals, except for the Ohio 
Nuclear Delta 50 fast scanner for which the interval was 1.3 cm. 
Every effort was made to simulate an actual CT examination of 
a pediatric abdomen. The radiographic factors were selected by 
the engineer or technician working with each CT unit as those 
factors “appropriate” for a child of similar size. Radiographic 
factors including tube potential, current, scanning mode, scan- 
ning circle, scanning time, and scanning interval are presented 
with the dosimetric data in the results section. For the EMI unit, 
bolus bags were packed around the circumference of the 
phantoms as is the practice for patients. No packing was used 
for the other CT scanners. 

The average quadrant skin dose was calculated for each 
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Fig. 3.—CT image of resolving power module. Holes in fifth row 
(arrow), 2.0 mm in diameter, are seen as distinct and separate circles. 
Holes in sixth row, 1.75 mm in diameter, are indistinct. Resolving power 
of this image is recorded as 2.0 mm. 





Fig. 4.—Arrangement of 11 thermoluminescent dosimeters across 
surface of phantom for determination of axial dose distribution. Dosime- 
ters are aligned at 1 cm intervals and single CT section was directed at 
center dosimeter (arrow). 


phantom and each CT unit by averaging the four circumferential 
surface doses in the central plane of the phantom. 


Axial Dose Distribution 


The axial distribution of radiation about a single tomographic 
section was determined for each CT scanner. Eleven thermolu- 
minescent dosimeters were placed at 1 cm intervals in a row 
perpendicular to the tomographic section along the surface of 
the 66 cm phantom (fig. 4). The dosimeters were placed on the 
top of the phantom for all CT units except the Ohio Nuclear 
Delta 50, the Ohio Nuclear Delta 50 FS, and the Pfizer 200 FS 
models; for these three, they were placed on the undersurface 
of the phantom. These three scanners are designed so the x-ray 
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TABLE 1 
Description of Surveyed Scanners 














Technical Factors 








Scanner Model and Type Location Deareesof  Angleof Fan Stine Thicke  Scannirm Booed 
Rotation’ gow ness (mm) feat j 
Translate-rotate: 
PD IS iirinn NE a University of California, San 180 10 13 20 
Francisco 
ai QO FS E EE Mt. Zion Hospital, San Frar- 270 20 10 28 
cisco 
Ohio Nuciear Delta 50 ................ St. Francis Hospital, San 180 3 13t 69-153 
Francisco 
Ohio Nuclear Delta 50 FS............. Cleveland Clinic, Cleveland, 190 12 10 18 
Ohio 
Rotary fan-rotary detector: 
Sapo) Hectic ClsT oso ciao kd ccaav css University of California, San 360 30 10 4.3 
Francisco 
RIND: se KK kG Asana stesN weenie: Stanford University, Palo Alto. 360 ics 10 3 
California 
Rotary fan-stationary detector: 
Ohio Nucłear Delta 2000 prototype .... Cleveland Clinic, Cleveland, 360 or 10 2-16 
Ohio 





Note — Testing dates are given in figs. 5 and 6. 





* X-ray source moves above the body for the EMI 5005 and below the body for the Pfizer 200 FSand Ohio Nuclear Delta 50 and 50 FS. 


t Two side-by-side 13 mm sections are performed simultaneously. 


beam primarily comes from below, whereas the x-ray beam in 
the other models comes from above or moves 360° around the 
subject. The x-ray beam of a single tomographic section was 
directed through the central dosimeter in the array. The dose of 
radiation recorded by the dosimeters at progressively greater 
distances from the central one is a function of the beam 
collimation. Radiographic factors were the same as those used 
in the dosimetric determinations. 


Scanners 


Three types of commercial CT body scanners were included 
in the study as summarized in table 1. Technical descriptions of 
these scanner types have been published [1, 2]. Briefly, all types 
employ a fan beam of x-radiation in combination with a posi- 
tron-sensitive detector array and various scanning motions. In 
the translate-rotate type, the fan beam and detector array rotate 
in angular increments about the body. At each angle the beam 
and detectors linearly traverse across the body. The rotary type 
scanners utilize a larger angle fan beam in order to cover the 
entire body-section with a traversing motion. In rotating detector 
types, the detector array rotates opposite the beam through 
360°. The stationary detector type utilizes a 360° fixed detector 
array of several hundred detectors so that only the x-ray source 
is required to rotate. The two rotating detector scanners studied 
use an array of pressurized Xenon gas ionization chambers 
which provide the necessary high gain stability. The other 
scanners use scintillation crystal-photomultiplier tube detec- 
tors. 

All of the surveyed CT models have either 10 or 13 mm thick 
tomographic sections; the EMI 5005, Ohio Nuclear Delta 50, and 
the Ohio Nuclear Delta 50 fast scanner offer the greater widths. 
The Delta 50 scanner performs two side-by-side 13 mm sections 
simultaneously. Scanning speeds range from 3 to 153 sec with 
the rotary machines offering the faster speeds, an apparent 
advantage when scanning children. The Varian and General 
Electric scanners are pulsed x-ray sources; all others are contin- 
uous. 


Results 


The central section radiation doses for a series of eight 
consecutive scans are indicated in figures 5 and 6 for the 


36 amd 66 cm circumference phantoms, respectively. 
The technical factors of the scans including tube poten- 
tial, “ube current, pulse width (when applicable}, scan- 
ning interval, scanning circle, and scanning speed as 
selected by the operator are indicated. Peak skir doses 
range from a high value of 8.0 rad for the EMI 5005 and 
the 3 cm phantom to a low of 0.49 rad observed for the 
same phantom with the General Electric CT/T scanner. 
Simitarly, central internal doses range from 5.55 to 0.43 
rad far these examples. 

Taole 2 summarizes the results of average quadrant 
skin dese and resolving power determinations for each 
scammer using the 66 cm phantom. Average quadrant 
skin doses for the larger phantom ranged from 0.45 rad 
to 4.30 rad. but the range in resolving power was rela- 
tively smaller, from 2.25 mm to 1.75 mm. Using the GE 
CT/T scanner, we found a two-thirds increase mn dose 
(rela ive to the technique of fig. 6B) resulted in the ability 
to resolve the next smaller row of holes, a change in 
resotving power of 0.25 mm. Conversely, a two-thirds 
reduction in dose degraded the image so that the next 
larger row of holes was at the limit of resolution. Incre- 
men’s in dose less than 66% produced qualitatively 
observable differences in resolving power. 

Figure 7 depicts the axial dose distributions for a 
single section at the peak skin dose region. In crder to 
elimmate the effect of scatter, the upper bolus bag was 
remeved in the EMI scanner, thus the results nay be 
high By 20%-30% for this scanner. An attempt was made 
to al gn the sixth or middle dosimeter with the center of 
the scanned section. In the case of the Delta 50 FS and 
Delta 50 scanners, an error of 0.5 cm appeared and 
accordingly these curves were shifted along the axis to 
comazensate. For purposes of illustration, al! data points 
have-been connected by straight line segments, although 
smoeth curves, presumably Gaussian shaped, are ex- 
pected. The full width at half maximum of these curves 
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Scanner EMI CT 5005 
Phantom 36 cm circumference 


Number of Slices 8 
Scanning Interval 1.0 cm 4.60 
Tube Potential 140 kVp 
Current 28 ma 
Scanning Mode ‘fast’ 
Scanning Circle 32 cm 
Scanning Tıme 20 sec 
Dote August 11,1977 





3.40 
Thyroid Dose .75 
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Scanner: Ohio Nuclear Delta 50 





Phantom. 36 cm circumference 
Number of Slices 8 
Scanning Interval 1.0 cm 1.70 
Tube Potentiol 124 kVp 
Current 30 ma 
Scanning Mode ‘fast’ 


Scanning Circle 27 cm 2.55 





Scanning Time 69 sec 


© 


Scanner: Ohio Nuclear Delta 2000 api 
Pre-Production Prototype 1.8 


Thyroid Dose - .20 
Date August 18,1977 


Phantom. 36 em circumference 


Number of Slices 8 
Scanning Interval 1.0 em 1.85 
Tube Potential 130 kVp gi 
Current 10 ma 
Scanning Circle 25 cm 
Scanning Time 4& sec 
© Date June 24,1977 nae 
Thyroid Dose -.15 


Number of Slices 8 


Scanning Interval 


6.50 


Number of Slices 8 


1.75 


Scanning Interval 1.3 cm 19 


Number of Slices 8 
1.70 Scanning Interval 1.0 cm 4.00 


FP) Date August 15, 1977 


Rads 


Scanner: GE CT/T 


Phantom. 36 cm circumference 
1.0 cm 39 


120 kVp 
100 ma 


Scanning Mode 'fast' 


Tube Potential 


Current 





Pulse Width l.Im sec 


Scanning Circle small Thyroid Dose 0.00 


4.8 sec 
July 19, 1977 


Scanning Time 


B) Date 
G Rads 


Scanner: Ohio Nuclear Delta 50 55 
Fast Scanner 


Phantom. 36 cm circumference 


Tube Potential 140 kVp 
Current 28 ma 
Scanning Mode ‘fast’ 


Scanning Circle 2.5 cm 





Scanning Time 18 sec 


D Dote June 24,1977 


200 FS 


Thyroid Dose -. 10 


Rads 


2.20 
Scanner: Pfizer 


Phantom: 36 cm circumference 


Tube Potential 140 kVp 
Current 35ma 


Scanning Time 28 sec 





Thyroid Dose - .05 


Fig. 5.—Results of radiation dose determinations with 36 cm phantom. All dose data except thyroid dose reflect radiation exposure in central plane 


of eight CT sections. Midplane and maximum skin doses are underlined. 


ranges from 2.2 cm for the Ohio Nuclear Delta 50 scanner 
to 1.1 cm for the General Electric CT/T. The greater 
width of the Delta 50 scanner is a consequence of the 
fact that this unit performs two side-by-side 13 mm wide 
slices simultaneously. 


Discussion 


The axial dose distribution data of figure 7 can be used 
to estimate the cumulative dose from a series of scans at 
arbitrary intervals. The estimate can be formed by incre- 
menting the axial distribution curve along the X axis 
according to the scan intervals and summating. For 
example, we may test our data for self-consistency by 
using the curves of figure 7 to predict the peak cumu- 
lated skin doses of figure 6 which were obtained from a 
series of eight scans at 1 or 1.3 cm steps. For example, 
the Pfizer 200 FS scanner single section axial radiation 
dose decreases to 33% of maximum at 1 cm from the 
central peak dose. Therefore, for a series of three scans 
at 1 cm steps we would expect the central cumulative 
dose to increase by a factor of 1.66 of the single section 
dose. Furthermore, the Pfizer single section dose de- 


creases to 10% of maximum at 2 cm from the center, so 
that for five scans at 1 cm intervals we might predict a 
central peak skin dose of 1.86 times the single section 
dose of 2.15 rad, or approximately 4 rad. This estimate is 
a bit higher than the measured value of 3.3 rad from 
figure 6. A similar analysis for the General Electric axial 
dose distribution yields an estimate of 0.44 rad anterior 
skin dose compared to the measured value or 0.5 rad 
indicated in figure 6. 

Several potential sources of small errors are present in 
our measurements. The dosimeters are measured by the 
commercial supplier with a reported precision of +10%. 
Another factor, positioning of the phantom in the scan- 
ner, could introduce systematic errors due to the non- 
uniformity of the axial dose distributions for our eight 
scan studies. Peak doses tend to occur at the centers of 
the scanned sections with minimums in between. Specif- 
ically, for the Delta 50 scanner, Jucius and Kambic [3] 
have found a dose modulation of about 30% in the axial 
direction for multiple scans. This modulation would be 
larger for the scanners with the narrower single slice 
distributions. We estimate that such systematic errors 
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EMI CT 5005 Scammer; GE CT/T 
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28 ma Current 160 ma 
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Date June 24, 1977 
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Scanner. Varian CT 
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Number of Scans 8 

1.0 cm 

130 kVp 

100 ma 

25 cm 

3 sec 

August 3, 1977 


Scanning interval 
9 4.10 
Tube Potential 
Current 
Scanning Circle 


Scanning Time 


6” 





4.20 


Thyroid Dose- .80 


are less than 20% for our study. Our results show good 
agreement with the findings of Jucius and Kambic [3] for 
the Delta 50 FS and with Yalcintas [4] who surveyed the 
EMI 5005. 

In reviewing the data of figures 5-7, several interesting 
trends become apparent. The central and minimum skin 
doses tend to be larger for the smaller phantom of figure 
5 than for the larger phantom of figure 6. This could be 
explained by relatively further penetration of the photon 
beam through the smaller phantom, yielding higher 
cumulative central and distal doses during the scan. An 
exception is the General Electric scanner which auto- 
matically ss'ects lower tube current for smaller patients 
in order to maintain a constant number of detected 
photons. Potentially, similar adjustments could be made 
manually with other CT models. 


© 


4.50 





3.30 
Thyroid Dose .45 


Fiœ 5. —Results of radiation dose determinations with 66 cm phantom. 
All dœ data except thyroid dose reflect radiation exposure in central 
plane ef eight CT sections. Midplane and maximum skin doses are 
under ned. 


Th= results summarized in figures 5-7 demonstrate a 
wide variation in absorbed dose among various scan- 
ners We were interested in assessing the relationship of 
these dose variations to variations in image quality. The 
determination of image qualtiy in CT scanning is cur- 
rently a controversial subject, and a complete, detailed 
survey of the imaging performance of CT scanners is 
beyand the scope of this paper. A detailed comparison 
Of two of the surveyed scanners is presented by Boyd et 
al. [J 

Our simple resolving power test does evaluate one 
aspet of imaging performance at a specific contrast of 
12%. This contrast corresponds approximately to the 
dens*y difference between fat and soft tissue or soft 
tissu= and bone, two common detection tasks in CT 
body scanning. At 12% contrast, objects of approxi- 
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TABLE 2 
Skin Dose and Resolving Power 





Average Quad- 





CT Model rant Skin Dose ee 
(rad) 

General Electric CT/T ............. 05 = 0:1 2.25 
Ohio Nuclear Delta 50 FS .......... 10+ 0.2 2.00 
Ohio Nuclear Delta 50 ............. 1.8 + 0.4 2.00 
PTT 200 FS: E AE 2.3+0.5 2.00 
Ohio Nuclear Delta 2000 prototype . 2.5+0.6 1.75-2.00 
EM GE BOS io i's sa ceavinedeneses< 3.1208 2.25 
WIE CCE cock 0inrsareceatereadvees 43+0.9 1.75 


* Resolving power is measured with a 12% contrast (acrylic-water) phantom. For 
relationship of dose to resolving power at this contrast level, see text. 


3.0 
EMI CT 5005 
PFIZER 200 FS 
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WY 
O 
< OHIO NUCLEAR A2000 
PROTOTYPE 
1.0 f OHIO NUCLEAR 
A50 


OHIO NUCLEAR 
SOFS 


Lis“ 


"r ee 0 1 2 3 4 
DISTANCE FROM CENTER OF TOMOGRAPHIC SECTION (cm) 

Fig. 7.—Axial dose distribution. Doses were recorded at 1.0 cm 
intervals from central, single CT section (0 on abscissa) for each of seven 


CT scanners. Curves can be used to estimate cumulative dose from 
series of scans at arbitrary intervals. 


mately 2 mm in diameter can be resolved with all of the 
tested scanners. The observed contrast level with 2 mm 
water-filled holes in acrylic is typically lower than 12% by 
an amount that depends on the amount of blurring 
caused by spatial unsharpness. This decrease in effec- 
tive contrast in small holes can be described mathemati- 
cally by the modulation transfer function of each partic- 
ular CT scanner. The ability to resolve nearby small holes 
depends on the relative magnitude of the image noise 
granularity [6] and the effective contrast of the holes. For 
a theoretical CT scanner with very fine sharpness, image 
contrast and object contrast would be the same, and 
resolving power would depend only on noise and, hence, 
dose. In this limiting case, it is possible to estimate the 
dependence of a resolving power test on dose. The noise 
in area elements of width W, a(W), may be described by 
the relationship 


o(W) = K(D"2/W°?), 


where D is the absorbed dose and K is a constant [7]. 
Objects of size W can be resolved when the object 
contrast C is greater than o(W) by a small factor a [8]; 
that is, o(W)/C = a. Thus we may derive (K/C)(D'?/W??) 
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= a at the limiting resolution. Solving this equation, D 
= (aC/K)*W*. Thus a cubic relationship exists between 
resolving power W and dose D. This equation could be 
used to predict the dependence of resolving power on 
dose for a phantom constructed of large (greater than 2 
mm) low contrast (less than 1%) holes. Such a phantom 
was not available to us at the time of the experiment. For 
our phantom, the effective contrast C’(W) depends on 
the size of the holes and is lower than the object con- 
trast, C'(W) = C. The relationship between dose and re- 
solving power becomes 


wee 


D=¢ K 


Since C'(W) depends on the spatial sharpness of the CT 
scanner, our resolving power test reflects the spatial 
sharpness of a given scanner as well as its density 
resolution. 

These factors combine to explain the relatively weak 
relationship between dose and resolving power observed 
using the GE scanner: a 0.25 mm decrease in W (about 
10%) requires a two-thirds increase in dose, while a 0.25 
mm increase in W requires a two-thirds decrease in dose. 
Referring to table 2, we see that this effect could be used 
to explain in part the observed wide variation in dose 
between different scanners, all of which differ only 
slightly in resolving power. For example, if the dose used 
by the GE scanner were increased by two-thirds by 
increasing the x-ray tube technique, resolving power 
would improve from 2.25 to 2.0 mm. Similarly, a large 
reduction in dose using the Varian scanner (threefold, if 
the dose-resolving power relationship for the GE scan- 
ner could be applied) would change the observed Varian 
resolving power from 1.75 to 2.0 mm. These factors 
would account for a great deal of the apparent difference 
in performance of these two scanners. 

This discussion suggests the importance of selecting 
appropriate technical factors for a given CT examination. 
In cases where fine detail resolution is not required, it is 
possible to choose substantially lower levels of dose with 
only relatively small losses in image quality. 

Some, but not all, of the variations summarized in 
table 2 can be explained by differences in image quality. 
Another important determinant of CT dose is the effi- 
ciency with which the scanner utilizes the x-ray photons 
that are directed through the body. Ideally, all transmit- 
ted photons would be detected and utilized by the image 
reconstruction processor. Many factors contribute to the 
inability of current CT scanners to achieve this goal. 
These include penumbra radiation falling outside the 
detectors in the axial direction, gaps between detectors, 
attenuators placed between patient and detectors, and 
low effective quantum efficiency of the detector system. 

Axial penumbra radiation contributes to the broaden- 
ing of the axial dose-distribution curve of figure 7; 
radiation falling outside of the effective tomographic 
section thickness is unused. CT scanners using point x- 
ray sources, such as the GE CT/T, can be more easily 
collimated to reduce out-of-plane penumbra radiation 
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than CT scanners using line sources. Gap width between 
detectors is an important problem for all three types of 
fan scanners, but this problem can be particularly sig- 
nificant in stationary detector array types where as much 
as 66% of the fan radiation may fall between detector 
elements. Bolus bags, as employed by the EMI-5005 
scanner, also attenuate useful x-ray photons after pas- 
sage through the body. The effective quantum efficiency 
of the detector system depends on both the energy 
spectral response of the detector and its photon-stop- 
ping efficiency, since integration techniques are used 
rather than counting methods. Gas detection systems 
present more difficult problems than solid scintillation 
systems in this respect. There seems to be a trend of 
increasing efficiency as manufacturers introduce newer 
models. 


Benefit-Risk Analysis 


Overall, the benefits of CT scanning in appropriately 
selected patients appear to outweigh the relatively small 
risks of this procedure. To assess the risk to pediatric 
patients, it is necessary to consider several factors in 
addition to the long term consequences of radiation 
exposure. Adverse reactions from the intravenous con- 
trast media frequently used in CT examinations and the 
effects from other radiation-producing procedures ac- 
companying the CT study (e.g., scout films) or eliminated 
by CT study must be considered. 

Estimates of risk of death from radiation-induced can- 
cer and leukemia are difficult to establish, particularly 
for pediatric subjects. However, based on analyses con- 
tained in works by Beir [9] and Unschar [10], the upper 
limits of risk for death by leukemia may be in the range 
of two per 100,000 patients exposed to 1 rad of whole 
body irradiation. Solid cancer deaths are approximately 
five times this rate. These admittedly high estimates of 
risk result in an estimate of total cancer deaths at one 
excess death per 12,500 patients studied by CT. This 
estimate assumes an average dose of 2 rad to one-third 
of the body. The actual risk of cancer-induced deaths 
from CT scanning may be considerably lower because 
assumptions were made that maximize the estimated 
risk. 

Estimates of mortality from radiation-induced cancer 
must be integrated with the rare occurrence of idiosyn- 
cratic reactions to contrast media. The incidence of 
mortality in adults from intravenous contrast medium 
varies with different populations studied: one in 10,000 
[11], one in 40,000 [12], and one in 75,000 [13]. However, 
severe reactions and death are relatively less common in 
pediatric populations [14], and not all CT patients receive 
contrast media. 

An evaluation of risk from CT must also take into 
consideration the radiation dose from non-CT radio- 
graphic studies because CT can at times substitute for 
or suggest additional radiographic procedures. For ex- 
ample, CT images may eliminate the need for angiogra- 
phy. The maximum skin dose for an abdominal angio- 
gram on a 10-year-old child has been determined to be 


28.4 rad [15], a relatively high risk procedure with radia- 
tion exposure far exceeding that from CT. In such a 
situation, CT would be, in effect, a radiation-recucing 
procedure. 

Considering the reported benefits of CT in children 
[16], the complex variables of risk, and evaluating a 
variety of CT devices, we believe that CT scanning in 
children is a relatively safe procedure with raciation 
exposures within the range of accepted, conventional 
radiographic techniques. As with all diagnostic radio- 
logic procedures, the expected benefits must be 
weighed against the risks for the individual patient. 
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Potential Uses of More Accurate CT Absorption Values by Filtering 


G. N. HOUNSFIE_D' 


This article has been extracted from the Caldwell Lecture 
presented at the annual meeting of the American Roent- 
gen Ray Society, Boston, September 1977. It deals with 
the uses of picture filtering, particularly for accurate 
tissue value measurement and for the study of blood 
distribution in the head. 

Let us first consider to what accuracy the absorption 
values of CT pictures can be ascertained. Figure 1 is a 
typical CT picture. The clarity of the picture and, hence, 
the accuracy to which one can measure absorption 
values is impaired by a mottled appearance (or grain) 
which, unfortunately, is fundamental to the system. It is 
caused by insufficiency of photons arriving at the detec- 
tors after penetrating the body. This is a situation that 
must be accepted. 

For a given radiation dose to the patient, present CT 
systems are relatively efficient in detecting photons, 
varying from 30% to as high as 90%.* This means that 
little reduction in grain can be anticipated by improving 
detector efficiency; rather, grain reduction will require 
increasing the radiation exposure. 


Filtering: Increase of Sensitivity 


Study of the picture noise reveals a rather important 
fact. If frequencies contained in the noise are plotted 
against amplitude, as shown in figure 2B, it can be seen 
that most of the picture noise concentrates at the high 
frequencies to the right of the graph; there is very little 
noise at the lower frequencies. This contrasts with a 
typical plot of the noise spectrum in most electronic 
equipment, in which the amplitude is similar at all fre- 
quencies (fig. 2A). This fact can be used to advantage by 
filtering out the higher frequency components. The re- 
maining low frequencies will then be very small in ampli- 
tude, enabling the sensitivity of the machine to be 
increased without undue noise appearing on the picture. 

The CT picture is built up of a number of matrix points, 
and its clarity is substantially determined by the number 
of points across the matrix. By using matrix size as a 
simple guide to picture resolution, the expected accu- 
racy of absorption values for given matrix sizes can be 
plotted (fig. 3). It appears from this that to achieve good 
spatial resolution, absorption accuracy must be sacri- 
ficed. Conversely, accurate difference in density of the 
material is achieved at the expense of picture resolution 
(i.e., the picture is blurred). The optimal spatial definition 
and the best readings of the absorption accuracy cannot 
be displayed on the same picture. 

When organs are studied, information is needed on 





Received January 4, 1978; accepted after revision April 4, 1978. 


shap2 and density (or absorption). Thus it may be advis- 
able to view two separate pictures of each scan. One 
would be of high resolution to observe the genera! shape 
of the organs, and this may contain much fine grain (fig. 
4A). The other picture would be a spatially filtered view 
of the same picture (fig. 4B). While blurred, it would 
contain so little grain that the picture values could be 
plotted on a very magnified scale, enabling accurate 
measurement of small variations of tissue value. It is 
recommenced that this method be used for measuring 
the tssue values. Not only can the tissue variations be 
ampified and clearly seen, but artefacts can also be 
seen and precautions taken to avoid including them. In 
othe- words, the smoothed blurred picture is much more 
reliable than blindly measuring, by the use of a light pen, 





Fig. 1.—Typical CT picture through kidneys. 


the mean of an area on a picture which may contain 
hidd=n artefacts under the picture grain. 

A simple method of filtering by computer is to advance 
a circular area across the picture pixel by pixel taking a 
mean of al! numbers within the circle. This method is 
best used for tissue measurement since it is easy to 
estimate the extent of the smoothing beyond the edges 
of objects. However, it is not ideal since it can misplace 
edges of objects on the picture. A two-dimensional 
weichting function across the circle overcomes the prob- 
lem. 


App! cation: Distribution of Blood Volume of the Head 


This is a promising application of filtering, and it is 
interesting to demonstrate to what accuracy iodine in 


‘ EMI Central Research Laboratories, Shoenberg House, Trevor Road, Hayes, Maid esex, UB31HH, England. 


* Editor's note. — See article by Brasch et al. in this issue. 
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320 x 320 
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RESOLUTION IN TERMS OF MATRIX SIZE 


20 40 60x80 


Fig. 3.—Improvement of absorption accuracy of CT pictures at ex- 
pense of spatial resolution. 


blood can be detected by this method. In the experiment 
shown (fig. 5), a circular container containing water and 
blocks of polystyrene and Perspex was scanned. The 
water represented blood and the blocks represented 
areas where blood would not be taken up. After a minute 
quantity of Conray was added, a second picture was 
produced of the phantom; the first picture was sub- 
tracted from it. 

Little can be seen of the polystyrene block in figure 
5B, but after the same picture is filtered and the sensitiv- 
ity increased, the blocks can be clearly seen (fig. 5D). All 
blocks now read zero and appear black because they do 
not contain iodine. The concentration of iodine is only 
1/100 that of the concentration expected in blood after 
normal intravenous injection (approximately 0.05 mg/ 
ml). We can therefore deduce that the detection sensitiv- 
ity displayed on the picture would be equivalent to 
detecting 1% of blood within the tissue, or a minimum of 
0.33% if it is assumed that three gray levels can be 


160 x 160 


Frequency of noise 


Fig. 2.—A, Usual noise spectrum. 
B, CT noise spectrum. Noise is small 
at lower frequencies. 


320 x 320 





Fig. 4.—Scans through liver without (A) and with (B) filtering. Note 
higher sensitivity after picture has been filtered. 


discriminated on the picture. Clearly this technique 
might have some value in detecting areas of the head 
deficient in blood in the case of patients suffering from 
cerebrovascular disease and other causes of cerebral 
ischemia. 

Figures 6 and 7 show the result of using the subtrac- 
tion technique in a normal patient before and after 
injection (pictures from Northwick Park Hospital, Lon- 
don). Subsequent filtering indicates to which area of the 
head blood has gone; it is a map of blood distribution. 
The internal capsule can be clearly seen taking up 10% 
less blood than the surrounding tissue. In figure 7E the 
ventricles read zero and appear black because they 
contain no blood, and a number of tone levels of blood 
concentration can be recognized. 

It is essential that the two pictures are taken in exactly 
the same position to ensure correct subtraction. Some 
difficulty was experienced in realigning the patient be- 
tween scans since he had a tendency to move down the 
machine; also both pictures had to be scanned in the 
same direction to remove errors of mechanical misalign- 
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Fig. 5.—Scans showing in- 
creased sensitivity after filtering. A, 
Polystyrene and Perspex biocks in 
water. B, After subtraction cf similar 
picture with Conray concentration 
of 1 ml in 6 liters of water. 2, Mod- 
erate filtering. D, Excessive iltering. 
Equivalent sensitivity would be 1% 
of blood in tissue. 








Fig. 6.—Filtered pictures showing concentration of blood only within tissue. A, Gefere injection. B, 3 min after injection of 100 mI Conray. C, After 
subtraction of picture A from picture B. D, Moderate filtering. E., Excessive filtering (arrow indicates internal capsule). 





Fig. 7.— Scans showing concentration of blood only. A, Before injection. B, 3 mir ater injection of 100 ml Conray. C, Subtraction of picture A from 
picture B. D, Moderate filtering. E, Excessive filtering. 
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ment. Similar experiments have been carried out on the 
liver, but there have been severe difficulties in holding 
the same position for both scans. 

These experiments illustrate how the absorption sen- 
sitivity of the machine can be increased an order of 
magnitude, at the expense of spatial resolution. In the 
Subtraction technique, small errors produced in the 


machine appear on both pictures and cancel out. Abso- 
lute measurements taken on the picture are therefore 
more accurate. This technique is particularly useful on 
tests in which small changes have to be measured. While 
it is too early to predict whether this technique may 
replace other methods for demonstrating blood flow 
distribution, experiments are continuing. 


Diagnosis of Extracerebral Fluid Collections by Computed Tomography 


STEVEN H. CORNELL,’ LEE C. CHIU, AND JAMES H. CHRISTIE 


The computed tomography scans of 90 patients with extra- 
cerebral fluid coiiections were reviewed. Epidural hemato- 
mas, acute, subacute, and chronic subdural hematomas, 
convexity subarachnoid hemorrhages, subdural hygromas, 
and one epidural empyema were seen. The CT findings were 
analyzed and correlated with the time elapsed since injury 
(when known) and the results of radionuclide scans (when 
available). The overall accuracy of CT in detecting extracere- 
bral fluid was 90% with no acute hemorrhages missed. In 
subacute and chronic subdural collections, six CT scans were 
false negative in whole or in part. Three false positive inter- 
pretations were made and are discussed. 


The diagnosis of extracerebral hematoma and empyema 
by computed tomography (CT) was first reported by 
Ambrose [1]. Since then, numerous articles have de- 
scribed the usefulness of CT in patients with head injury 
and intracranial infectious processes [2-12]. The pitfalls 
of the method in finding a chronic subdural hematoma 
have also been observed [13, 14]. 

We reviewed the CT findings of 90 persons with extra- 
cerebral fluid collections examined between May 1974 
and August 1977. The EMI head scanner was used, 
initially with the 80 x 80 matrix, and, since October 1974, 
with the 160x 160 matrix. Surgical or postmortem proof 
was obtained in most cases. A few patients with charac- 
teristic CT findings did not have surgery, and follow-up 
CT scans demonstrated resolution of the suspected 
hematoma. 


Findings 
Epidural Hematoma 


Ten patients had a surgically proven epidural hema- 
toma. Figure 1 demonstrates the typical lenticular area 
of greatly increased density adjacent to the inner table of 
the skull, seen in nine patients. A crescent-shaped col- 
lection was seen in only one (table 1). The lateral ven- 
tricles were displaced toward the opposite side, and the 
ventricle on the side of the hematoma was compressed 
in every case. The pineal was seen in only three cases 
and displaced in each instance. All patients had recent 
head injury, with the fresh bleeding causing the greatly 
increased density on the CT scan. A radionuclide scan 
was obtained in only one patient, with a positive result 
(table 2). Intravenous contrast material was not used in 
any of these patients since the diagnosis was apparent 
on the nonenhanced CT scan. 


Epidural Empyema 


The nonenhanced CT scan in the only case of epidural 
empyema revealed minimal displacement of the lateral 
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ventricles to the opposite side, questionable ccmpres- 
sion of the ipsilateral frontal horn, and an equivocal 
lucent zone next to the inner table. Contrast erhance- 
men- was necessary to make the diagnosis in this patient 
with purulent sinusitis, fever, and rapidly procressive 
neurdlegic signs (fig. 2). The wall of the abscess was 
opacified with intravenous contrast. No radionuclide 
scan was obtained. 


Conrexity Subarachnoid Hemorrhage 


In zach of two patients, a localized collection of blood 
over the convexity was misdiagnosed as acute subdural 
hematoma but turned out to be subarachnoid hemor- 
rhag=. A crescentic zone of increased density inside the 
inne- table was present in each case (fig. 3). One patient 
had ventricular displacement and compression as well 
as pneal shift. No radionuclide scan was obtained in 
either case. CT was performed on the day of the hemor- 
rhag= in a patient who died within 24 hr (fig. 3). At 
autodsy there was massive subarachnoid hemorrhage 
from a ruptured aneurysm of the distal internal carotid 
artery at the origin of the posterior commuricating 
artery. The other patient had a similar appearing CT scan 
11 days after the hemorrhage. Postmortem examination 
6 days later demonstrated a ruptured aneurysm of the 
posterior communicating artery and extensive subarach- 
noid hemorrhage. No subdural hematoma was present 
in either case. 


Subcural Hematoma 


Acute. An acute subdural hematoma has been defined 
as ome which causes urgent symptoms after closed head 
injury and requires evacuation within the first 3 days [15, 
16]. There were 19 patients with a recent head injury and 
a crescentic zone of increased density adjacent to the 
inne’ table of the skull. In all patients the injury occurred 
within 48 hr before CT examination (table 3). Compres- 
sion and displacement of the lateral ventricles occurred 
in most cases (table 1). The pineal was visible and 
disptaced in seven. The typical appearance is shown in 
figure 4. No patient in this group had a radionuclide scan 
and 10 CT scans were enhanced with intravenous con- 
trast material. 

Subacute and chronic. Subacute and chronc sub- 
dura hematomas are considered together, sinc2 there 
is nc accurate method for differentiating between them. 
Time elapsed since the injury is an unreliable criterion 
and ^ot always known [17]. The presence or absence of 
membranes around the hematoma is variable. Mem- 
bran2s are said to develop anywhere from 1 to 4 weeks 


Presented at the annual meeting of the American Roentgen Ray Society, Boston, september 1977. 
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TABLE 1 
CT Findings 
7 — — o Te Subdural Hometomis : 
Subarach- ——————_———_ 
Finding Peicectdoal annA aon Subacute =a 
emor- Acute and 
rhage Chronic 

Total no. patients ................ 10 1 2 19 42 16 
Lenticular increased density ...... 9 0 0 0 2 0 
Crescentic density: 

CTO OONG 508 42380cdeuseuaenewn 1 0 2 19 5 0 

Sea T. To ibis ded died bcbaeanes 0 1 0 0 16 14 

PI e ETTE OEE E se diek ot 0 0 0 0 6 0 
lsodensity with brain ............. 0 0 0 0 13 2 
Lateral ventricles displaced....... 10 1 1 16 35 6 
Ipsilateral ventricle compressed... 10 0 1 14 38 4 
Pineal seen and shifted........... 3 0 1 7 25 1 
oa E e E cian os 0 0 0 0 8 1 
Contrast enhancement helpful .... 0 1 0 0 = 0 
False negative scan .............. 0 0 0 0 4 2 

* Contrast enhancement performed in 15 patients 

TABLE 2 


Fig. 1.—Epidural hematoma 
with typical lenticular shape. On 
lower sections, lateral ventricles 
were displaced to opposite side. 


Fig. 2.—Frontal epidural ab- 
scess with contrast enhance- 
ment. Slight bowing of anterior 
part of falx to opposite side. 


Fig. 3.— Localized swbarach- 
noid hemorrhage (arrow) simu- 
lating acute subdural hema- 
toma. Lateral ventricies dis- 
placed to opposite side by dif- 
fuse edema in ipsilateral hemi- 
sphere. 


Comparison of CT Scans with Radionuclide Scans 


No Positive CT Necätivá 
Patients  —————————————— ae 
Et : Positive Negative Positive 
a Radio- Radio- Radio- 
nuclide 
nuclide nuclide nuclide 
Study 
Epidural hematoma ..... 1 1 0 0 
Subdural hematoma: 
ACD a ik o whoa 0 0 0 0 
Subacute and chronic 31 27 1 3 
PVO ponina 8 4 2 2 


Fig. 4.—Acute subdural he- 
matoma with typical crescent 
shape, compression of ipsilate- 
ral ventricle, and displacement 
of both lateral ventricles toward 
opposite side. 





after injury and are not present in all chronic hematomas 
[18]. 

There were 42 cases in this group. In two patients, a 
lenticular zone of increased density adjacent to the inner 
table was present on the CT scan (fig. 5). Five cases had 
a crescentic zone of increased density (table 1). In 16 
patients the hematoma was of lesser density than adja- 
cent brain and was crescentic (fig. 6A). In 13 patients the 
hematoma was of the same density as adjacent brain and 
therefore not visible (fig. 6B). In these cases only ventric- 
ular shift or compression, pineal shift, or effacement of 
cortical sulci were present. In six cases with a history of 
remote head injury and blood found at surgery, the 
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TABLE 3 
Correlation of CT Findings with Time Since Head Injury 




















Epidural hematoma...... 10 


No _ CT Appearance 


No Days Since Injury 





Lenticular or cresce™ All within one day 


tic increased density 


Subdural hematoma: 
ACUTE oie os. <4 coke atu acne 19 
density 


2 Mixed density 
6 Same density as brain 
5 Decreased density 


eo 20 60 & Se 2 wee se a 


Hygrom 





Fig. 5.—Subacute subdural 
hematoma 8 days after injury. 
Lenticular area less dense than 
in fresh hematoma. Ipsilateral 
ventricle compressed; contralat- 
eral ventricle displaced. 








Fig. 6.—Chronic subdural hematoma in four patients. A, Low density 
crescent. Slight compression of ipsilateral ventricle. B, |lsodensity. Dis- 
placed and compressed lateral ventricles. Hematoma itself is not visible. 
C, Mixed density. Dark line (arrows) is medial to higher density collection. 
Lateral ventricles displaced; ipsilateral ventricle compressed. D, Cortical 
sulci ironed out on side of hematoma. Hematoma was of decreased 
density and visible on lower sections. 


Crescentic increased 


Increased density 
13 Decreased density 


1 or2 


6, 8, 10, 28, 42, 45 

5. FO, 11, 14, 18, She ely ets ees 
30, 90, 90, 120 

90, 150 

10, 18, 28, 45, 90, 120 

21, 28, 30, 30, 90 


Fig. 7.—Bifrontal smebdural 
hygroma extendinc into anterior 
interhemispheric “*issure. Mild 
hydrocephalus. 





density of the hematoma on the CT scan was mixed; one 
portion of the hematoma was of lesser density than 
adjacent brain while another part was of greater than 
brain censity (fig. 6C). This can probably be exp ained 
by fresn bleeding into an old hematoma. 

The great majority of subacute and chronic hemato- 
mas were crescent shaped; only two were lenticular. 
Effacement of sulci on the side of the hematoma was 
seen in eight cases (fig. 6D). This was not present n any 
of the acute hematomas. Radionuclide studies were 
positive in 30 of 31 patients; the one false negative study 
occurred in a patient who injured his head 7 days earlier. 
In addition to the initial CT scan, contrast enhanced 
scans were obtained in 15 patients by infusing 30C ml of 
30% meglumine diatrizoate intravenously. Scans were 
perfommed immediately after completion of the infusion. 
Contrast enhancement added no information in 10 
cases. n four patients, the border between the bran and 
the subdural hematoma was more clearly demonstrated. 
In one patient, an isodense hematoma became visible 
because of greater opacification of the brain and better 
demareation between the brain and the hematoma. 


Subduéal Hygroma 


In 16 patients, the material obtained at surgery was not 
blood er clot but xanthochromic fluid of varying v scos- 
ity. Th is generally indicative of remote trauma and in 
most instances the date of injury was not Known. Known 
date of injury in five patients ranged from 21 to 90 days 
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before the CT scan. There was a radiolucent crescent 
adjacent to the inner table on the CT scans of 14 patients 
(fig. 7). In two cases the hygroma was of the same 
density as the brain. Ventricular displacement and 
compression was less frequent than in acute, subacute. 
or chronic hematomas. Radionuclide scans in eight 
cases were positive in six and negative in two. Contrast 
enhancement was used only once and did not help in 
making the diagnosis. 


Discussion 

As more patients with recent head injury are studied 
with CT, more epidural and acute subdural hematomas 
are seen. CT is very useful in establishing the presence 
or absence of intracranial blood, whether intracerebral, 
intraventricular, epidural, or subdural. No other diagnos- 
tic procedure is as helpful in this regard. Radionuclide 
Studies and angiography are no longer necessary if the 
CT scan is positive. Occasionally a convexity subarach- 
noid hemorrhage may mimic an acute subdural hema- 
toma, but the clinical presentation is usually different. 

In subacute and chronic subdural hematomas as well 
as subdural hygromas, the extracerebral fluid collection 
may be of the same density as the brain and therefore 
invisible on CT. The secondary signs of ventricular dis- 
placement and compression or effacement of sulci vary 
in degree and may be quite subtle. Contrast material is 
sometimes helpful in demonstrating the border between 
the brain and the extracerebral fluid. More important, if 
no intracranial mass is seen on a contrast-enhanced 
scan in the presence of ventricular shift or compression, 
an extracerebral fluid collection should be suspected. 
We have not done the 4-6 hr delayed contrast-enhanced 
scans which are reported to demonstrate accumulation 
of contrast material in some subdural hematomas [19]. 

Radionuclide studies are very sensitive and should be 
used if CT is negative (table 2). In particular, the CT scan 
may miss one of the hematomas in the case of bilateral 
collections. We had six false negative CT scans (table 1). 
In each of two patients with bilateral hematomas, only 
one hematoma was seen. In two patients with unilateral 
hematomas and two patients with bilateral hematomas, 
the CT scans were totally negative even in retrospect. 
Radionuclide scans done in five of these patients dem- 
onstrated the extracerebral fluid in each instance. Con- 
versely, three radionuclide scans were negative in pa- 
tients with a positive CT scan. There were three false 
positive CT scans. Two patients had cerebral contusion, 
and the radionuclide scans were also positive. In one 
patient, increased fluid bifrontally was secondary to 
cerebral atrophy. The overall accuracy of the CT scans 


in this group of 90 patients was 90%. No epidural or 
acute subdural hematomas were missed. 
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Computed Tomography in Ocular Neoplastic Disease 


MICHAEL E. BERNARDINO,’ JULIUS DANZIGER,’ SUE ELLEN YOUNG,? AND SIDNEY WALLACE’ 


The computed tomographic findings of four patients with 
neoplastic disease of the global rim are discussed. All four 
patients demonstrated eccentric thickening of the scleral- 
uveal rim with extension into the globe. Possible ways of 
differentiating these lesions from other orbital conditions are 
discussed. Window widths below 100 EMI units are best to 
visualize neoplasms of the global rim. For evaluation of the 
orbits, multiple window widths with varying window levels 
should be used. 


Orbital computed tomography (CT) has been used to 
diagnose retrobulbar masses, Graves’ disease, inflam- 
matory pseudotumors, hyperparathyroidism, and foreign 
bodies [1-6]. However, little has been reported of its use 
in evaluating patients with either primary or metastatic 
neoplasms of the globe. This communication demon- 
strates the CT findings in four such patients and their 
possible differentiation from other causes of orbital dis- 
ease. 


Subjects and Methods 


Four patients aged 23-68 years were studied. Three patients 
had a primary melanoma and one had metastatic breast carci- 
noma to the globe. Histologic and/or clinical confirmation was 
obtained in all patients. 

All patients were examined with either an EMI 1000 scanner 
(160 x 160 matrix) utilizing an 8 mm collimator or an EMI 5005 
scanner (320 x 320 matrix) with a 13 mm collimator. Scans were 
obtained by overlapping sections at 0.5 cm intervals through 
the orbit. Rim thickness changes were considered significant if 
they varied from the uninvolved opposite rim appearance ona 
comparable section. Measurements were made at window 
widths of 400, 200, 100, 50, and 1. Various window levels at 
each window width were used as necessary. Scans were ob- 
tained before and after intravenous infusion of 300 ml of 30% 
meglumine diatrizoate. 


Findings 


The normal scleral-uveal rim has a homogeneous 
thickness throughout its entirety. Eccentric thickening 
of the scleral-uveal rim with extension into vitreous 
portion of the globe was seen in all our cases. The 
masses varied in size and shape. The smallest mass was 
noted to be 7 x 8 x 9 mm in the enucleated specimen. 
All masses were seen by CT prior to contrast enhance- 
ment. None demonstrated extraocular muscle thicken- 
ing, retrobulbar masses, or optic nerve involvement. 


Case Reports 


Case 7 


A 66-year-old white male with carcinoma of the bladder was 
hospitalized for a cystectomy and diverting ileal loop. During 
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his stay he complained of poor vision in his right eye. Oohthal- 
mologc examination revealed a choroid mass with retinal 
detactment inferiorly. CT study demonstrated eccentric thick- 
ening of the scleral rim with intraocular extension, Dut no 
involvement of the retrobulbar space (figs. 1A and 1B). A 
primary melanoma was found at surgery (fig. 1C). 


Case ż 


A 25-y2ar-old male complained of blurred vision for 1 month. 
Ophthalmologic examination revealed a pigmented mass involv- 
ing th= ehoroid and ciliary body. CT study showed eceentric, 
intraoecu ar thickening of the scleral rim. There was involvement 
of the lers, but no evidence of extraocular extension or cerebral 
metas-aes (fig. 2A). At surgery, a primary melanoma was found 
and the eye enucleated (fig. 2B). 


Case: = 


A 68-y2ar-o'd male with increasing difficulty in focusing was 
referred or evaluation of a possible eye tumor. Ophthalmologic 
exami won revealed a deeply pigmented mass involv ng the 
chorosde layer and ciliary body of the left eye. A P upteke test 
was positive. CT examination demonstrated eccertric thicken- 
ing of the scleral rim without extraocular extension and no 
cerebral metastases (fig. 3A). The eye was removed, and a 
primary melanoma was found (fig. 3B). 


Case 4 


A 47-year-old female who had a mastectomy for carcinoma 5 
years earlier was referred because of progression of the disease. 
Ophthalmologic examination demonstrated a large plaquelike 
choroid metastasis adjacent to the optic nerve. CT illustrated 
eccen*rie thickening of the scleral rim corresponding to the 
clinical findings. No extraocular or cerebral metastases were 
found. 


Discussion 


Climical examination, fluorescein angiography, ®P up- 
take test, and ultrasonography have been used in diag- 
nosing and characterizing neoplastic disease of the 
globe [7-11]. The presence of opaque med a, such as 
dense cataracts, hampers clinical evaluation. Ultresound 
is sersivive, reportedly able to visualize lesions as small 
as 1 mm. It may aid in establishing tissue characteristics, 
but is aonspecific. It is dependent on demonstrating 
changes in the posterior contour of the globe which may 
be due o either benign or malignant disease. Shields et 
al. [11] recently advocated the use of **P in conjunction 
with ult asound for differentiating benign from malignant 
disease CT offers the advantage of imaging the g obe in 
relatian to other structures in the orbit, which may add 
clues te the nature of the pathologic process and its 
extent. 
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Fig. 1.—A, CT scan of right orbit demonstrating primary melanoma (arrow) at window width of 200. B, Scan more clearly showing eccentric rim 
thickening (arrow) at window width of 50. C, Histologic section through globe demonstrating mass corresponding to CT findings. 


Fig. 2.—A, CT scan of right orbit 
melanoma demonstrating eccentric 
thickening of global rim (small ar- 
rows). Open arrow points to lens. B, 
Histologic section from same globe 
illustrating mass corresponding to 
CT findings. L = lens. 


Fig. 3.—A, CT scan through left orbit showing 
eccentric thickening of rim without extraocular ex- 
tension (arrows). B, Histologic section demonstrat- 
ing melanoma within choroid layer. 
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Fig. 4.—CT scan in patient with proven orbital pseudo- 
tumor showing diffuse thickening of left rim after contrast 
enhancement. 


The posterior wall of the eye consists of retina, cho- 
roid, and sclera. The majority of primary and metastatic 
ocular neoplasms involve the choroid layer. Unfortu- 
nately, these layers cannot be distinguished by CT at 
present. However, this does not impede the sensitivity of 
CT for disease of the global wall, because all three layers 
are averaged together and appear as one. This sensitivity 
allows for the detection of both inflammatory and neo- 
plastic global disease. 

Previous reports concerning CT of the orbits stress its 
use in retrobulbar neoplasms, Graves’ disease, inflam- 
matory pseudotumors, hyperparathyroidism, and foreign 
body localization. Graves’ disease usually appears as a 
diffuse extraocular muscle thickening without masses 
(2, 3]. Inflammatory conditions can be associated with 
any of the following signs, either alone or in combina- 
tions: muscle or nerve thickening, retrobulbar masses, 
or scleral-uveal rim thickening with significant contrast 
enhancement [4, 5] (fig. 4). Hyperparathyroidism may 
have calcified sclera with a high attentuation coefficient 
on CT [1]. Retrobulbar neoplasms are seen as localized 
masses or a thickening of the optic nerve alone. Hilal 
and Trokel [2] described intraocular mass with calcifica- 
tion as a sign of retinoblastoma. Eccentric intraocular 
thickening of the global rim without inflammatory 
changes, associated masses, nerve thickening, or mus- 
cle enlargement may be aCT sign of choroidal neoplastic 
disease. Were this true, it could be a way of differentiat- 
ing inflammatory from neoplastic disease of the globe. 
However, our small number of patients is insufficient to 
make such a sweeping statement. A larger, prospective 
study is needed to evaluate this point. 

It is not surprising that choroidal neoplastic disease, 


when sæn by CT, may extend into the globe and there- 
fore appear contiguous with the thickened global rim. 
However, a similar finding may be seen with ntraocular 
hemo rhage adjacent to the global rim. 

We heve found that visualization of neoplasms of the 
globa rm is best at window widths below 100 EMI units. 
Windcw widths above this level tend to average densities 
and ma obscure such neoplasms (fig. 1). In evaluation 
of the crbits, multiple window widths with varying win- 
dow levels should be used. 
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External Anatomic Landmarks of the AEdomen Related to Vertebral 
Segments: Applications in Crcss-sectional Imaging 


LAWRENCE R. KUHNS,' GIL S. BORLAZA,* ROBERT SEIGEL,* AND JOHN R. THORNBURY? 


Palpable external anatomic landmarks including the xy- 
phoid tip, ends of the eleventh ribs, umbilicus, iliac crests, 
anterior superior iliac spines, and symphysis pubis were 
studied in relation to vertebral segments posterior to these 
landmarks. Results of CT and ultrasound studies, localized 
according to external abdominal landmarks, can thus be 
correlated with other radiologic studies in which abnormalities 
are localized by vertebral level. 


Palpable external anatomic structures such as the tip of 
the xyphoid process or the umbilicus are used to localize 
cross-sectional examinations during ultrasonography 
and CT scanning. In order to compare these examina- 
tions to other radiologic studies, it would be helpful to 
relate these external landmarks to vertebral levels, but 
we know of no previous studies of these relationships. 
We have analyzed a series of preliminary abdominal 
radiographs of patients positioned as for abdominal CT 
scanning to relate external landmarks to vertebral seg- 
ments. 


Materials and Methods 


Fifty consecutive adult patients undergoing excretory urog- 
raphy were placed supine with their hands clasped behind their 
heads and with knees slightly flexed for preliminary radio- 
graphs. Lead markers were placed on both sides of the abdo- 
men at the level of the umbilicus and exposures were performed 
with the radiographic tube centered at the level of the umbilicus. 
Films were exposed during expiration (fig. 1). An attempt was 
then made to center the 1 min nephrogram films beneath the 
palpable ends of the eleventh ribs. Since no routine radio- 
graphic examinations are performed with centering over the tip 
of the xyphoid process, and since the xyphoid is often predom- 
inately cartilagenous, the vertebral level of this external land- 
mark was determined from 35 CT scans of the upper abdomen. 
These scans were started over the palpable xyphoid tip and 
proceeded caudally at 1.5 cm intervals so that the lower thoracic 
and upper lumbar segments could be definitely identified from 
rib articulations with the vertebrae. Because the gantry of the 
EMI 5005 CT scanner cannot be tilted. it remained vertical for 
each scan. 


Results 


The relationship of the tip of the xyphoid process to 
the vertebral column as determined from 35 CT scans is 
shown in Figure 2A. Of the 35 xyphoid tips. 29 were at 
the level of the eleventh thoracic vertebra or over the 
interspace between T11 and T12. At this level, lower 
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lungs, apper liver, stomach, and spleen are usual y seen 
(fig. 2B). 

Th2 nephrogram films were well centered over the 
ossifec ends of the eleventh ribs in 34 of the 50 patients. 
The t ps of the eleventh ribs are partly cartilagenous, but 
since the distal portions of these ribs are fair y vertical in 
relator to the tabletop when the patient is supine, we 
felt tiat the palpable tips of the ribs corresponded fairly 
well with the craniocaudal level of the ossified ends of 
the rbs. Results of localization of the eleventh rib ends 
to the vertebral column are shown in figure 3A. Six of 
the localizations over the second lumbar vertebra were 
at the caudal part of this vertebra, and 16 cf the locali- 
zations to the third lumbar vertebra were at the cephalic 
part of this vertebra. Thus the tip of the eleventh rib 
tends © localize at the L2-L3 interspace or just slightly 
cephalic or caudal to this level. The ossified ends of the 
eleven-h ribs can sometimes be identified on a CT scan; 
usualy the lower pole of the left kidney and the middle 
or lower pole of rhe right kidney can be visualizec at this 
level (fg. 3B). 





í 
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Fic. 1.—Supine abdominal film showing levels correspoading 


to papable anatomic landmarks. x = xyphoid tip; upper Ine = 
end @ eleventh rib: lower line = umbilicus and iliac crests. 
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Fig. 2.—A, Distribution of tip of 
xyphoid process in relation to verte- 
brae. B, Tip of xyphoid process (ar- 
row). Note liver, stomach, spleen, and 
lower left lung. T11 vertebra with cos- 
tal articulations was identified at this 
level during serial contiguous CT 
scanning of upper abdomen. 
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Fig. 3.—A, Distribution of ends of 
eleventh ribs in relation to vertebral 20 
column. 8, End of eleventh rib (ar- 
row). L2 vertebra and end of eleventh 
rib were identified by radiopaque 
catheters on anterior abdominal sur- 
face on preliminary radiograph. Note 
lower right kidney and contrast-filled 
small bowel. 
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Fig. 4.—A, Distribution of umbili- 
cus related to vertebrae. B, CT scan of 
lower abdomen including umbilicus 
(arrow). Umbilicus is centered over 
lower L4. 
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The umbilicus was precisely localized by the lead 
markers in all 50 patients (fig. 4A). Of 25 of the localiza- 
tions over the fourth lumbar vertebra, 17 were at the 
cephalic part of this vertebra, while eight of 11 of the 
centerings over the fifth lumbar vertebra were also at the 
cephalic half of this segment. Therefore, localizations of 
the umbilicus were fairly evenly spread over L4, the L4- 
L5 interspace, and upper L5. This distribution covers 
more segments than that of the skeletal landmarks in 
this study. The umbilicus can occasionally be seen 
during CT scanning (fig. 4B). At about the level of the 
umbilicus the aorta bifurcates, but no other major organs 
are usually seen at this level. 

The iliac crests were at the same level as the umbilicus 
(fig. 5A), but the crest localizations were more clustered 
at lower L4, the L4-L5 interspace, and upper L5 than the 
umbilicus. The iliac crests are constantly identified on 
CT scans of the lower abdomen (fig. 5B). 

The anterior superior iliac spines were seen quite 









Ls 


variably at the level of the sacrum or coccyx, depending 
on the size of the sacrum and the degree of lumbar spine 
curvature (fig. 6). The pubic symphysis was usually 
centered over the coccyx or below the level of the 
vertebral column. 


Discussion 


The tip of the xyphoid process, ends of the eleventh 
ribs (or lower rib cage), and iliac crests (or umbilicus) 
are external landmarks which can be used to divide the 
abdomen into craniocaudal segments. These landmarks 
are helpful in approximating levels of abdominal organs 
for CT scanning (table 1), but due to variability in body 
habitus and degree of expiration the landmarks provide 
only a rough guide to intraabdominal organ location. 
They are much more constantly related to vertebral 
segments than to abdominal organ position, and are 
therefore more helpful in CT localization of vertebral or 
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Fig. 6.—CT scan through anterosuperior iliac 
spines (arrow). Midsacrum is seen at this level. 


retroperitoneal structures which vary less with respira- 
tion than intraabdominal organs. These landmarks are 
most useful in planning CT examinations on the basis of 
previous radiologic studies of the abdomen. Such stud- 
ies enable potential abnormalities to be localized at the 
level of certain vertebral segments, and, using external 
landmarks as a guide, CT scanning can be easily cen- 
tered to include these segments. 


Fig. 5.—A, Distribution of iliac 
crests related to vertebrae. B, CT scan 
through right iliac crest (arrow). Scan 
was 1.5 cm caudal to level shown in 
fig. 4B, indicating that umbilicus and 
iliac crests are usually at about same 
craniocaudal level. Note upper L5 ver- 
tebra. 


TABLE 1 


Reletionship of Palpable Landmarks to Vertebrae and Organs 
in the Abdomen 


External Landmark 


Organ Vertebral Level’ 
E sais 4 de0, T9-L2 Above xyphoid (T11) to eleventh 
rib (L2, 3) 
SOID ri ene T11-L1 Xyphoid (T11) to just above elev- 


enth rib (L2, 3) 


Panareas and Between xyphoid (T11) and elev- 


galbadder.. T12-L1 enth rib (L2, 3) 
Adrenals ...... T12 Just below xyphoic (T11) 
KiGN@VS «sx T12-L3 Just below xyphoid (T11) to um- 
bilicus (L4) 
* Dete mined by Ledley et al. [1] in normal subjects 
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Buckling of the Innominate Artery Simulating a Right Apical Lung Mass 


EDWARD E. CHRISTENSEN,’ MICHAEL J. LANDAY, CERAL W. DIETZ, AND GERALD BRINLEY 


A tortuous retroflexed innominate artery can simulate a 
right apical mass. Four cases are presented to illustrate the 
four fairly distinct appearances which can result. When the 
innominate artery buckles posteriorly and laterally, it occa- 
sionally impresses deeply into the lung and becomes almost 
completely surrounded by air. The artery will then look like a 
pulmonary mass on frontal radiographs. The lower margin of 
the mass is always more crisply defined than the upper 
margin, and the appearance on the lateral film is fairly char- 
acteristic. Aortography is recommended when the radio- 
graphic picture is equivocal. In a survey of 200 randomly 
selected patients over 50 years old, only one had an innomi- 
nate artery that presented as an apparent pulmonary mass. 


Introduction 


A tortuous innominate artery frequently buckles to the 
right and widens the right upper mediastinum, a point 
stressed in many textbooks and articles on chest radiog- 
raphy [1, 2]. The innominate artery can also buckle 
posteriorly back into the lung. Posterior buckling occa- 
sionally simulates a right intrapulmonary apical mass; 
this is not adequately stressed in the radiologic litera- 
ture. Honig et al. [3] demonstrated a tortuous innominate 
artery simulating disease within the apex of the right 
lung, and Schneider and Felson [4] presented another 
example. We describe varying degrees of prominence of 
the innominate artery from slight widening of the right 
upper mediastinum to a right apical mass simulating a 
tumor. 

Our attention was directed toward this area when a 
patient presented with a right apical lesion believed to 
be the innominate artery. The patient also had adult 
onset diabetes mellitus, arteriosclerotic heart disease, 
and was too debilitated to undergo resective surgery. A 
year later she returned with peripheral vascular insuffi- 
ciency requiring an aortogram. An injection of the tho- 
racic aorta was included which confirmed our initial 
impression that the apical mass was a tortuous innomi- 
nate artery. Over the next 6 months we found eight 
similar, although less severe, examples at Parkland 
Memorial Hospital in Dallas. We also reviewed the films 
of 200 patients over 50 years of age. These films were 
selected randomly from our files and graded for the 
degree of prominence of the right upper mediastinum. 


Anatomy of the Innominate Artery 


The innominate artery is the first and largest branch of 
the aorta. It originates from the right side of the aortic 
arch in front of the trachea and courses superiorly, 
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laterally, and posteriorly into the base of the neck where 
it biturcates into the right common carotid and subcla- 
vian arteries (fig. 1A). Normal innominate arteries are 37- 
50 mm long and 8-13 mm in diameter [2]. The normal 
inncminate artery does not form any border of the 
medastinum on conventional posteroanterior radio- 
graphs. The border of the right upper mediast num is 
formed by the innominate vein above and superior vena 
cave below. However, dilated and elongated innominate 
arte ies may become border forming on posteroanterior 
films. On the left anterior oblique view, the innominate 
arte y usually forms the right upper border of the medias- 
tinu nN. 

Auteries dilate and elongate because of hypertension 
and atherosclerosis. Usually the aorta anc innominate 
arte y elongate simultaneously. Both ends of the innom- 
inate artery are fixed, the proximal end by the aorta and 
the distal end by the tissues of the base of the neck. 
Aorttc elongation elevates the origin of the innominate 
arte-y toward the neck and shortens the distance be- 
tween the two points of fixation (fig. 1B). If the vessel 
itseF also elongates, it is forced to buckle. The degree of 
buc<ling is determined by the length of the artery relative 
to the space available. 

Normally the right lung has several indentations along 
its mght upper medial surface. The superior vena cava 
and right subclavian artery abut the lung, producing 
groeves which attest to the proximity of the lung to these 
structures. When the innominate artery becomes elon- 
gated and tortuous, the artery and its accompanying vein 
can also impinge upon the lung. With increasing tortuos- 
ity he indentations become deeper and deeper until 
finaly the artery is buried in the lung. It will then have 
the 2ppearance of an intrapulmonary mass wher viewed 
faceon on routine posteroanterior or anteroposterior 
films. 


Degrees of Innominate Artery Prominence 


Te width of the right upper mediastinum was graded 
from 1-3 in 200 patients 50 or more years of age. A 
normal or slightly widened mediastinum was comsidered 
grate 1 (fig 2A). A definitely widened med astinum, but 
one that did not simulate a pulmonary mass, was called 
grade 2 (fig. 2B). Grade 3 was limited to patients n whom 
the mediastinum had the appearance of a pulmonary 
mazs (fig. 2C). The only criterion used to differentiate 
between pulmonary and extrapleural appearances was 
the acuteness of the angle formed at the juncticn of the 
mass with the mediastinum. Diagrammatic illustrations 
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Fig. 1.—A, Anatomy of aorta and its major branches in anteroposterior view. B, Slight buckling of innominate artery caused by elongation of both 


aorta and innominate artery (anteroposterior view). 














Fig. 2.—Right upper mediastinum. A, Slight widening (grade 1) B, Moderate widening (grade 2). C, Case 1 (grade 3). Supine chest film illustrating 
masslike density of tortuous innominate artery (arrows) abutting against right upper mediastinum. Lower and lateral margins are crisply defined, but 


upper margin is poorly defined. 


of the two are shown in figure 3. An extrapleural mass 
produces an obtuse angle at its junction with the medias- 
tinum, while a pulmonary mass produces an acute angle. 
The margins of these masslike innominate arteries are 
always smooth, since they are really extrapleural masses 
masquerading as though they are in the lung. 


Table 1 shows the results of the survey of 200 patients. 
Only one patient, a 67-year-old black woman, had an 
innominate artery that presented as an apparent pulmo- 
nary mass. Approximately one-fourth of the patients had 
moderately wide mediastina (grade 2). Surprisingly, we 
found no statistical difference between the sexes. Others 


wr 
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have emphasized the frequency of innominate artery 
buckling in females [4, 5]. There was no statistical 
difference between the races. The incidence in medias- 
tinal widening increased with age from 19% for patients 
50-64 years to 37% for patients over 65 years. 

An innominate artery tortuous enough to simulate a 
pulmonary mass may present in a variety of ways. Four 
fairly distinct pictures are illustrated in the following 
cases. Case 4 represents the most ominous-appearing 
presentation. 


EXTRAPLEURAL PULMONARY 
MASS MASS 


AN B 


Fig. 3.— Diagram of extrapleural (A) and pulmonary (B) masses. 


TABLE 1 
Degree of Prominence of Right Upper Mediastinum 





Males Females Total 
Grade Á= 
No % No. % No. % 
i eeledaieas 52 72 96 75 148 74 
2 scusences 20 28 31 24 51 25.5 
E haoa yig 0 0 1 1 1 0.5 
Total 72 100 128 100 200 100 





Note.— Data on 200 randomly selected patients over 50 years old. 





Case Reports 
Case 1 


A 78-year-old black woman with a history of hypertension for 
sevee! years, cardiomegaly, and renal insufficiency was admit- 
tec for right middle lobe and right lower lobe pneumonia. A 
poste roanterior chest film showed a masslike density abutting 
the rght side of the mediastinum (fig. 2C). Lateral films (not 
shown) revealed an extrapleural-appearing mass bulging into 
the | ng from the right upper chest wall. Because the patient's 
radicgraph had been stable since 1968, a neoplasm seemed 
extremely unlikely. We felt confident that the “mass” was a 
tortubus innominate artery and advised against further studies. 


Case 2 


A + 1-year-old black woman had been hypertens ve for over 16 
years. She was hospitalized because of generalized weakness 
and »ack pain for 1 year. Physical examination was normal. An 
upricht posteroanterior chest film (fig. 4A) showed a tubular- 
appesring mass running diagonally from the right upper me- 
diastmum toward the apex. Tomography (fig. 4B) showed 
cris y defined margins with air on both sides of the tubular 
structure. Tre ends of the mass blended imperceptibly into the 
adja! ent tissues. The lateral film (not shown) demonstrated a 
characteristic bulge from the upper anterior chest wall. Because 
radiographs had been stable for 2 years, no further studies were 
advisec. 


Case 3 


A 37-year-old woman had severe hypertension, hypertensive 
car evascular disease, and arteriosclerotic vascular disease. 
She was in chronic renal failure with acute decompensation. A 
supine chest radiograph showed a masslike density high in the 
righ’ apex (fig. 5). The lateral film (not shown) demonstrated a 
smooth-walled extrapleural mass projecting from the anteror 
superior chest wall. The stability of the radiographs over a 3'/2 
yeanperiod and the characteristic appearance on the lateral film 
conwinced us that the mass was a tortuous innominate artery; 
no f rtner studies were recommended. 


Fig. 4.—Case 2. Upright posteroan- 
terior chest film (A) ard tomogram (B). 
Tortuous retroflexed innominate ar- 
tery produces tubelike mass (arrows) 
adjacent to upper mediastinum. Sides 
of tube are crisply defined but ends 
have indistinct margins. 
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Fig. 5.—Case 3. Supine anteroposterior film showing tortuous 
innominate artery producing semicircular masslike density (ar- 
row) high in right apex. Inferior margin is crisply defined. Superior 
margin blends off imperceptibly into adjacent lung. 


Case 4 


A 76-year-old black woman had adult onset diabetes mellitus 
for 5 years and hypertension with cardiomegaly for 10 years. 
When initially seen an upright posteroanterior chest film (fig. 
6A) revealed a masslike density in the right apex. On upright 
anteroposterior tomograms (fig. 6B), the mass was surrounded 
by air on all sides. Its inferior, medial, and lateral margins were 
crisply defined, while its superior margin faded off gradually 
into the adjacent lung. The result was an image that had the 
appearance of a comet rushing toward the hilum with its tail 
pointed back toward the apex. The lateral film (fig. 6C) showed 
a masslike density abutting the upper anterior chest wall. 
Because the patient's clinical condition precluded resective 
surgery, and because the mass was believed to be a tortuous 
innominate artery, she was discharged to be followed as an 
outpatient. 

A year later she reentered the hospital with gangrene of her 
left first through third toes. A femoral artery catheter was 
inserted for lower extremity arteriography to guide the surgeons 
in determining the level of amputation. Because of the abnormal 
chest film, the catheter was advanced into the aortic arch to 


study the brachiocephalic vessels. A tortuous innominate artery 
was seen which buckled back into the lung producing the apical 
mass that was first identified a year earlier (figs. 6D and 6E). 


Discussion 


Buckling of the innominate artery frequently widens 
the right upper mediastinum. Severe retroflexion may 
occasionally simulate a right apical mass. In most re- 
ported series, buckling was more common in women. In 
Our experience, mild to moderate tortuosity was equally 
common in males and females. However, severe buck- 
ling was more common in females. In a 6-month search, 
we found eight patients with marked tortuosity (i.e., 
enough to simulate a right apical mass). Seven of these 
were women. 

The image of normal brachiocephalic vessels usually 
disappears at the midclavicular level. Above this level the 
vessels are no longer adjacent to lung. However, when 
the innominate artery buckles posteriorly and laterally, it 
extends back into the midmediastinum. Its image may 
then extend above the level of the clavicles. In the 
majority of our cases, the image of the innominate artery 
was extended above the clavicles to some extent. The 
lower margin of the apparent mass was crisply defined 
with an acute enough angle to simulate an extrapleural 
mass, but the upper margin was always poorly defined, 
blending off gradually into the adjacent tissues. This 
combination of poorly defined upper margin and a 
crisply defined lower margin is more characteristic of a 
tortuous innominate artery than the level at which the 
image disappears. 

The lateral chest radiograph was fairly characteristic 
in all of our patients. The retroflexed innominate artery 
produced a smoothly defined semicircular mass abutting 
the anterior chest wall. This picture may not be specific 
for a tortuous innominate artery, but it is characteristic 
enough to warrant aortography before surgery is recom- 
mended. 
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Fig. 6.—Case 4. A, Upright posteroanterior chest film showing right apical mass@ke density (arrow) which proved angiographically to be tortuous 
innominate artery. B, Upright anteroposterior tomogram showing air surrounding mass. Inferior, lateral and medial borders are crisply defined. 
Superior border blends off imperceptibly into adjacent lung. Mass has appearanceso’ comet moving toward right hilum. C, Lateral tomogram showing 
semicircular mass (arrow) abutting upper anterior chest wall. D, Anteroposterior aor >gram illustrating tortuous innominate artery producing masslike 
density in right apex (arrow). Difference in size between mass on chest film amd innominate artery on aortogram is attributed to accompanying 
innominate vein. E, Right posterior oblique (60°) film showing markedly tortuous retr. fiexec innominate artery (arrow). 


External Iliac Artery Fibrodysplasia 


JOSEPH F. WALTER,' JAMES C. STANLEY, JOHN T. MEHIGAN.? STEWART R. REUTER,” 
AND DIANA F. GUTHANERS 


Clinical and arteriographic features of 12 patients with exter- 
nal iliac artery fibrodysplasia are reviewed. These lesions 
usually occur in patients having arterial fibrodysplasia else- 
where, attesting to the fact that they represent a generalized 
arteriopathy. Occasionally they occur in association with se- 
vere atherosclerosis. External iliac artery fibrodysplasia ex- 
hibits the classic corrugated ‘‘string-of-beads” angiographic 
appearance in the majority of patients. The pattern of aneu- 
rysmal dilatation of the external iliac arteries in one patient 
and the aorta and common iliac and internal iliac arteries in 
another with diffuse arterial fibrodysplasia has not been pre- 
viously reported. Three patients had symptoms directly refer- 
able to external iliac artery fibrodysplasia. The lesions may 
be symptomatic when the arterial lumen is sufficiently com- 
promised to reduce blood flow or when superimposed throm- 
bosis and/or embolization occurs. 


Arterial fibrodysplasia is an arteriopathy of unknown 
etiology which most often involves the renal arteries. 
Less frequently affected vessels are the internal carotid 
[1], vertebral [1], celiac [2], superior mesenteric [2], 
hepatic [3], splenic [4]. axillary [5], and external iliac [6] 
arteries and the aorta [6]. Twelve patients with arterio- 
graphic abnormalities thought to represent external iliac 
artery fibrodysplasia are the topic of this report. 


Case Material 


Eight female patients (41-59 years old) and four male 
patients (35-76 years old) with external iliac artery fibro- 
dysplasia were seen over a period of about 5 years. Nine 
patients were hypertensive; arteriography was performed 
to evaluate a possible renovascular etiology in five of 
these. Arteriography was performed in other cases be- 
cause of claudication (four patients), a carotid bruit (one 
patient), an abdominal aortic aneurysm (one patient), 
and upper extremity ischemia secondary to brachial 
artery fibrodysplasia (one patient). Six patients had fem- 
oral bruits. 

Eight patients had bilateral and four had unilateral 
arteriographic changes of external iliac artery fibrodys- 
plasia. Five patients had bilateral renal artery involve- 
ment and four had unilateral renal artery fibrodysplasia. 
Two had normal renal arteries, and one patient did not 
undergo renal arteriography. Fibrodysplasia was noted 
to affect other arteries with lower frequency: the internal 
carotid (four patients), vertebral (two patients), superior 
mesenteric (two patients), celiac (one patient), and 
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bracaial (one patient). One patient had an extensive 
arterevenous malformation of the hand and forearm. 
not fought to be related to the arterial fibrodysplasia. 


Radiographic Findings 


Tre most common arteriographic pattern of external 
iliac artery fibrodysplasia is that of multifocal stenoses 
with mtervening mural aneurysms, giving it the charac- 
teristic string-of-beads appearance (fig. 1). The length of 
the arterial segment involved ranged from 1 to 6 cm. In 
twc patients with relatively short-segment lesions, only 
one wall of the artery appeared to be involved (fig. 2). 
Bip ane oblique filming may be useful in detecting such 
focsi segments of involvement. Two patients, 73 and 76 
yeas old, had the typical arteriographic changes of 
ex Snail iliac artery fibrodysplasia superimposed on gen- 
eralized atherosclerosis (fig. 3). Histologic examination 
of one of these arteries documented the characteristic 
chenges of medial fibroplasia (fig. 4). 

“hree patients had extremely unusual arteriographic 
fimcings. A 41-year-old female with severe renal and 
carotid artery fibrodysplasia had mild, fusiform aneurys- 
me dilatation limited to both external iliac arteries (fig. 
5°. There were mural irregularities throughout the length 
of the dilated arteries, but they were unlike the corruga- 
tions commonly seen in medial fibroplasia. There was no 
e#ndence of atherosclerosis in the thoracic or abdominal 
aorta. These findings are most likely caused by fibrodys- 
glasia with classic arteriographic findings elsewhere, but 
mo biopsy was done. 

A second patient, a 55-year-old female with classic 
eral and left external iliac artery fibrodysplasia, had 
<meurysmal changes of the distal abdominal aorta and 
the right common iliac and right internal iliac arteries 
gq. 6). Similar to the previous patient, there was no 
arteriographic evidence of atherosclerosis. Although 
-here was no histologic confirmation, these aneurysmal 
changes were also thought to represent fibrodysplasia. 

The third unusual case was a 48-year-old man with a 1 
vear history of bilateral intermittent claudication and 
sudden onset of pain and coolness of the right calf. He 
nad no palpable femoral pulses. Arteriography demon- 
strated complete segmental occlusions of the external 
iliac arteries (fig. 7). The renal arteries were normal. The 
patient underwent an aortofemoral bypass during which 
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Fig. 1.—35-year-old male with typical arteriographic findings 
of external iliac artery fibrodysplasia. Only external iliac artery is 
involved with mural corrugations. Patient complained of intermit- 
tent claudication but refused surgery. 





Fig. 2.—55-year-old female with diffuse arterial fibrodysplasia. 
The short segment of external iliac artery involvement is limited 
to lateral wall of artery. Since lesion could be missed if it were not 
tangential to x-ray beam, we recommend anteroposterior and 
biplane oblique filming of pelvic arteries. External iliac involve- 
ment was asymptomatic. 


a biopsy of an external iliac artery disclosed intimal 
fibroplasia with Superimposed thrombosis. There was no 
evidence of atherosclerosis. It was thought that his acute 
episode of lower leg coolness was an embolism to the 
popliteal trifurcation from the iliac artery thrombus. 
Four patients with external iliac artery fibrodysplasia 
were examined for intermittent claudication. One had 





Fig. 3.—76-year-old male with intermittent claudication. Pelvic arterio- 
gram demonstrates typical changes of external iliac artery fibrodysplasia 
(arrows) superimposed on severe atherosclerosis. Bilateral superficial 
femoral artery occlusions were responsible for symptoms. 


bilateral superficial femoral artery occlusions (thought to 
be responsible for the claudication) in addition to bilat- 
eral external iliac artery involvement. One had bilateral 
intimal fibrodysplasia with Superimposed thrombosis re- 
quiring aortofemoral bypass (see above). Two patients 
had the typical corrugated changes of external iliac 
artery medial fibrodysplasia without other occlusive le- 
sions. One of the latter had a curative arterial dilatation 
at another hospital, and the second refused Surgery and 
was lost to follow-up. 


Discussion 


Leadbetter and Burkland [7] first described Clinically 
important arterial fibrodysplasia in 1938. It is most com- 
monly encountered in renal arteries as a Cause of reno- 
vascular hypertension. The exact incidence of hyperten- 
sion in patients with renal arterial fibrodysplasia is un- 
known. Palubinskas and Ripley [4] first suggested that 
this fibrodysplasia is a generalized vascular disease 
rather than one limited to the renal arteries. 

Arterial fibrodysplasia has been the subject of many 
recent reports, but few cases involving the external iliac 
arteries have been described [4, 8, 9-14]. Certain cases 
have been the Subject of multiple reports from one 
institution [4, 9, 13]. 

Symptomatic external iliac artery fibrodysplasia has 
previously been described in only three patients [8, 11, 
12]. One had focal ischemic changes of several toes 
secondary to arterial microemboli arising from the dys- 
plastic arterial wall [11]. Two other patients had Claudi- 
cation and typical angiographic findings limited to the 
external iliac arteries [8, 12]. A 9-month-old reported by 
Stewart et al. [15] had arteriographic abnormality of the 
external iliac, superficial femoral. popliteal, and pro- 
funda femoris arteries consistent with fibrodysplasia. 
Femoral artery biopsy revealed adventitial thickening, 
medial dysplasia and “medial fibromuscular hyperpla- 
Sia,’ and fragmented internal elastic lamina. Rubella 
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Fig. 5.—Oblique pelvic arteriogram in 41-year-old female with carotid 


Fig. 4.—Longitudinal section of external iliac artery from 73- and renal artery fibrodysplasia. Both external iliac arteries exhibit mild 
year-old male who underwent resection of abdominal aortic aneurysmal dilatation with irregularities of the walls (arrows) thought to 
aneurysm. Preoperative arteriogram disclosed typical changes of represent fibrodysplasia. Disease is strictly limited to external iliac 
external iliac artery fibrodysplasia. Note smooth muscle and arteries; there is no evidence of atherosclerosis of aorta or common iliac 
fibrous dysplasia of media, in addition to irregular proliferation or femoral arteries. 


and destruction of internal elastic lamella typical of medial fibro- 
plasia. (Elastic van Gieson, x20). 





Fig. 6.—55-year-old female with typical fibrodysplasia of right renal artery (same patient as fig. 2). Focal lesion of left external artery (arrow) and 
unusual aneurysmal dilatation of distal aorta and right common iliac and right interna iliac arteries are suspected to be arterial fibrocysplasia. 


arteritis was postulated to be the cause. cation secondary to external iliac artery narrowing by 
In our group of 12 patients, three had symptoms fibrocysplasia. The third had bilateral thrombosis limited 
directly attributable to external iliac artery fibrodysplasia. to dysplastic external iliac arteries with secondary distal 


Two patients with normal peripheral arteries had claudi- embalizaticn. 
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Stanley et al. [14] was much lower, occurring in only two 
of 196 patients (1%). Better definition of the frequency of 
external iliac artery fibrodysplasia will follow careful 
auscultation of the iliac and femoral regions and inclu- 
sion of the external iliac arteries on arteriography in 
individuals Suspected of renal artery fibrodysplasia. 


ADDENDUM 


Since acceptance of this manuscript, we have encountered 
two additional cases of external iliac artery fibrodysplasia, both 
of whom were asymptomatic. 
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Comparison of Arachnoiditis Produced by Meglumine locarmate and 
Metrizamide Myelography in an Animal Model 


VICTOR M. HAUGHTON,’ KHANG-CHENG HO,? SANFCRD J. LARSON,? GEORGE F. UNGER,’ 
AND FRANCISCO CORR=A-PAZ": 4 


Myelography in monkeys was performed with either meglu- 
mine iocarmate or metrizamide. The severity of resultant 
arachnoiditis in each animal 12 weeks later was evaluated by 
repeat myelography and by histologic study of the arachnoid. 
Three of the four animals examined with meglumine iocarmate 
had severe arachnoiditis; none of the four animals examined 
with metrizamide had as severe changes. The difference 
between the two groups was statistically significant (P < .05). 


This study compared metrizamide and meglumine iocar- 
mate with respect to the arachnoiditis that may result 
from myelography. An animal model has been described 
in which arachnoiditis can be detected myelographically 
and histologically in monkeys after repeated myelogra- 
phy with aqueous media [1]. For the present study, we 
measured arachnoiditis produced in monkeys by a single 
myelogram with either metrizamide or meglumine iocar- 
mate. 


Materials and Methods 


Eight adult stumptail Macaca speciosa monkeys were tested 
for mycobacterial and intestinal infections, quarantined for 40 
days, then divided into two groups of four animals. Group 1 
animals had myelography with meglumine iocarmate (Dimeray, 
Mallinckrodt Co., St. Louis, Mo.); group 2 had myelography 
with metrizamide (Amipaque, Sterling-Winthrop, Rensselaer, 
RY at 

The technique for primate myelography has been reported 
[1]. Each monkey was placed prone on a fluoroscopic table 
titled to 60° head-up position; lumbar puncture was done at the 
L3-L4 interspace with a 20 gauge 3.8 cm disposable needle; 1.5 
ml of cerebrospinal fluid was allowed to drip from the needle. 
Then contrast medium was injected slowly through the spinal 
needle. The doses of metrizamide and meglumine iocarmate 
were 2.4 ml (220 mg l/mil) and 1.2 ml (282 mg |/ml), respectively. 
After the myelogram, the animal was kept sitting in a primate 
restraint chair for 18 hr. Both during and after the procedure, 
the monkeys were observed for seizures, weakness, or in- 
creased muscle tone. 

Myelography was repeated 12 weeks later, after which the 
animals were sacrificed with intravenous Pentothal. The myelo- 
gram just prior to sacrifice was compared with the previous one 
in each animal and was scored for evidence of arachnoiditis by 
a method previously described [1]. The score, based on the 
degree of axillary pouch blunting and arachnoid sac constric- 
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tion, ~anged from 0 (no myelographic abnormalities) to a 
maximum of 36. After sacrifice, the dural sac was removed, 
fixed, stained, and sectioned. The tissue sections were exam- 
ined end scored for evidence of arachnoiditis at L5-L7. Scores 
again ranged from 0 (no fibrosis) to a maximum of 36. Myelo- 
grams and tissue sections were scored independently. To com- 
pare Sores in different groups, the Wilcoxan rank sum test was 
used. 


Results 


No animals had seizures or weakness detected after 
myelc graphy with either contrast medium. Myelograms 
of excellent quality were obtained on every occasion 
with either metrizamide or meglumine iocarmate. 

Three animals in group 1 (meglumine iocarmate mye- 
logranphy) developed a complete block of the subarach- 
noid space characteristic of arachnoiditis (“ig. 1). Be- 
cause of the block, the maximum score of 36 was 
assigied (table 1). The fourth animal had blunting of 
some axillary pouches and received a score of 4 (fig. 2). 
All four animals had histologic evidence of arachnoiditis. 
Three animals had severe arachnoid fibrosis ‘scores 23- 
27); ane had mild arachnoid thickening (score 10). 

Twe animals in group 2 (metrizamide myelography) 
developed minor changes in the appearance of the L5- 
L7 ax llary pouches (total scores 8 and 12); two animals 
had no definite myelographic evidence of arachnoiditis 
(scores 0 and 3) (fig. 3). On microscopic examination, 
slighty uneven thickness of arachnoid was present in 
some sections in all animals. The scores ranged from 2 
to 5. Jicroscopy scores in group 2 differed significantly 
from hose in group 1 (P < .05), but not from scores in 
contro! or normal animals [2]. 


Discussion 


Moakeys are a Suitable animal for studying postmye- 
lographic arachnoiditis. Our study indicates that in mon- 
keys, the effect of a single myelogram on the arachnoid 
can be measured accurately. Many animal models are 
not sufficiently sensitive to detect arachnoiditis after 
intrataecal injections of aqueous media [3-14]. 

Doses of metrizamide and meglumine iocarmate for 
exper menta! myelography were chosen to correspond 


This work was supported by the Medical Research Service of the Veterans Administrat on and a grant from the Multiple Sclercsis Society of 


Milwaukee, Inc. 


' Department of Radiology, Medical College of Wisconsin, Milwaukee County Medical Complex, and Wood Veterans Administration Hospital, 8700 
West Wisconsin Avenue, Milwaukee, Wisconsin 53226. Address reprint requests to V M. Haughton. 
? Department of Pathology, Medical College of Wisconsin, Milwaukee County 4edical Complex, and Wood Veterans Administration Hospital, 


Milwaukee, Wisconsin, 53226. 


? Department of Neurosurgery, Medical College of Wisconsin, Milwaukee County Medical Complex, and Wood Veterans Administration Hospital, 


Milwaukee, Wisconsin 53226. 


* Present address: Department of Radiology, Vanderbilt University, Nashville, Tenmessee 37232. 


Am J Roentgenol 131:129-132, July 1978 
© 1978 American Roentgen Ray Society 


129 036 1-803X/78/0700—0129 $00.00 


130 HAUGHTON ET AL. 


TABLE 1 


Arachnoiditis from Meglumine locarmate or Metrizamide 


Myelography 





~ Arachnoiditis Score _ 





Contrast Medium 





Myelography Microscopy 
Meglumine iocarmate (1.2 ml): 
Animal t sicsccedadaedsaetalbcdweecawaes 4 10 
AMMA 2 andorenn andeka dio Gas 36* 23 
AMMAS arenes nests NAE A omc 36* 25 
AMMA A oaea EERE EEEE 36 27 
Metrizamide (2.4 ml): 
AMMAT ss cbcdand Baw danwband dans dows 8 2 
AAIMƏ Z aad Sis, cere Wes we, mainte EAD a GS 3 3 
ANIMA S cracrorui teinin a Seabees 12 4 
5 


AMMALA x 8rd nine ho Gah eee uae arabs 0 








Fig. 1.—Radiographs from initial (A) and final (B) 
meglumine iocarmate myelogram in group 1 monkey 
showing development of nearly complete block of 
subarachnoid space at L4-L5 level. Three animals in 
group 1 had subarachnoid block on final myelogram. 





Fig. 2.—Radiographs from meglumine iocarmate myelo- 
grams in only animal in group 1 without block. Minimal 
blunting of L5 and L6 axillary pouches (arrows) developed 
between initial (A) and final (B) myelograms. 


as closely as possible to clinical practice. For clinical 
lumbar myelography, 10-12 ml of metrizamide (200-220 
mg l/mil) is usually used [15-20]. With this amount of 
contrast medium, the cauda equina and conus medul- 
laris will be be demonstrated if the patient is positioned 
so that contrast medium will diffuse cephalad. Meglu- 
mine iocarmate is not used above the conus; 5-7 ml (282 
mg |/ml) is injected intrathecally for lumbar myelogra- 
phy, and the patient is positioned to prevent cephalad 
flow of contrast medium [6, 16-18, 20, 21]. For myelog- 
raphy in monkeys, we used metrizamide and meglumine 
iocarmate in concentrations of 220 and 282 mg l/mil, 
respectively. Sufficient metrizamide (2.4 ml) was used to 
opacify the caudal sac to T10 and to visualize the conus 
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Fig. 3.—No axillary pouch blunting or arachnoid sac constric- 
tion developed between initial (A) and final (B) metrizamide 
myelogram in this group 2 animal. 


medullaris. Sufficient meglumine iocarmate (1.2 ml) was 
used to fill the monkey's entire subarachnoid space 
below the conus. The volume of metrizamide or meglu- 
mine iocarmate used in experimental myelography per 
unit of body weight exceeds that used in clinical myelog- 
raphy by 80%. The ratio of metrizamide volume to meg- 
lumine iocarmate volume in experimental myelography 
is the same as in clinical myelography. 

After myelography with metrizamide (220 mg |/ml), 
monkeys had little myelographic or histologic evidence 
of arachnoiditis. Scores for arachnoiditis in animals 
treated with metrizamide were not significantly different 
from scores in control animals that had 12 weeks earlier 
undergone lumbar puncture and intrathecal injection of 
saline or autologous cerebrospinal fluid [2]. Scores in 
control animals were similar to thoe in normal monkeys 


that hed no previous myelograms, lumbar punctures, or 
neurosurgical procedures [2]. 

The concentration of metrizamide used in monkeys is 
one of the highest ordinarily employed in clinical mye- 
lograpay. Arachnoiditis has not been reported after clin- 
ical myelography with metrizamide [20]. Nonetheless, if 
metrizamide is used in concentrations exceed ng 220 mg 
I/ml, arachnoiditis may result [1]. In this study, myelog- 
raphy with meglumine iocarmate in monkeys did result 
in ara= noid'tis, as it has in clinical practice [17, 13, 21- 
27]. T risk of arachnoiditis from meglumine iocarmate 
is grexer than from metrizamide; this greater risk may 
be dec: eased by diluting the contrast medium [28]. 
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Proximal Tibiofibular Joint: Anatomic-Pathologic-Radiographic 
Correlation 


DONALD RESNICK,’ JOHN D. NEWELL,’ JOSE GUERRA, JR.,' LARRY A. DANZIG,? 
GEN NIWAYAMA,? AND THOMAS G. GOERGEN' 4 


An anatomic-pathologic-radiographic study of the proximal 
tibiofibular joint was undertaken. This synovial articulation 
between the proximal tibia and fibula may communicate with 
the knee joint in 10% of adults. Radiography of the normal 
proximal tibiofibular articulation outlines a consistent relation- 
ship between the proximal portions of the tibia and fibula. 
Disruption of this normal relationship is indicative of antero- 
lateral or posteromedial subluxation or dislocation. Articular 
disorders of this joint include rheumatoid arthritis and septic 
arthritis. In the latter, initial alterations of the knee joint may 
subsequently extend to involve the proximal tibiofibular joint, 
illustrating the potential communication between these two 
articulations. 


Descriptions of articular abnormalities about the knee 
concentrate on changes in the medial femorotibial, lat- 
eral femorotibial, and patellofemoral spaces. An adja- 
cent area, the proximal or superior tibiofibular joint, may 





Received November 29, 1977; accepted after revision February 27, 1978. 


communicate with the lateral femorotibial space or exist 
as an isolated articular cavity. Its radiology has received 
little attention. This report utilizes pertinent anatomic 
and pathologic features to emphasize norma! and abnor- 
mal radiographic findings related to the proximal tibio- 
fibular articulation. 


Materials and Methods 


A comprehensive investigation of the proximal tibiofibular 
joint was undertaken. Three human fetal skeletons, estimated 
ages 19, 22, and 23 weeks (crown-rump measurements) were 
evaluated. After decalcification of the entire skeleton in Bouins 
solution, the knees were removed and carefully sectioned with a 
scalpe! in a saggital plane. Slabs were dehydrated in ethanol, 
then double embedded with 4% celloidin in methyloenzoate and 
paraffin. Sections 5-10 um thick were then cut on a sledge 
microtome and stained with hematoxylin and eosin. 

The normal intact tibiofibular joints in two cadavers were 


Fig. 1.—Developmental anatomy 
of proximal tibiofibular joint. Sagit- 
tal sections through articulation of 
embryos aged 19 anc 22 weeks. f = 
fibula, T = tibia, F = femur. A, Tibi- 
Ofibular joint space (double arrows) 
is seen as thin white | ne 1 mm wide. 
There are no articular recesses. Pos- 
terior horn of lateral meniscus is 
well developed. Posterior aspect of 
knee joint capsule inserts on fibula 
and femur (closed arrows). Insertion 
of lateral head of gastrocnemius 
muscle (g) is noted ét posterior as- 
pect of lateral femoral condyle. Thin 
zone of fibrous tissue separates fe- 
morotibial space from proximal tibi- 
ofibular joint (open arrow). B, No 
central cavity within proximal tibiofi- 
bular joint. Note prominent inferior 
recess beneath lateral meniscus (ar- 
rowheads) and direct communica- 
tion between femorotibial and tibi- 
ofibular joints. Popliteus muscle (p) 
is cut in cross section. Lateral head 
of gastrocnemius muscle (g) is again 
noted. 
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evaluated.The frozen lower extremities were sectioned across 
the femur 12 cm above the knee and across the tibia and fibula 
10 cm below the knee. The specimens were macerated in 
commercial Clorox solution; the macerated tibia and fibula 
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Fig. 2.— Anatomic features of fully developed proximal tibiofi- 
bular articulation. On posterior aspect of femur and tibia, two 
thick ligamentous bands pass obliquely from fibular head to 
posterior aspect of lateral tibial condyle. Similar ligaments 
strengthen anterior aspect of tibiofibular joint (not shown). Fibu- 
lar collateral ligament extends from fibular head to lateral femoral 
epicondyle. Posterior and anterior cruciate ligaments and lateral 
meniscus are also indicated. Also note posterior femoral meniscal 
ligament (ligament of Wrisberg, arrow). 


were fixed in anatomic position using plastic or metallic mate- 
rial. Radiographs were obtained in anteroposterior and lateral 
projections and in fixed oblique attitudes with and without 
metal markers placed on various anatomic structures. 

Sectional anatomy of the tibiofibular joints in three cadavers 
was evaluated. In two of these cadavers, sectioning through the 
articulation was accomplished in saggital or coronal planes. In 
the third cadaver, coronal sections were obtained after an 
arthrogram was performed using methylmethacrylate (Howme- 
dica, Inc., Rutherford, N.J.) solution. In all three cadavers 
sectional radiography was accomplished. 

Radiography was performed on two cadavers after anterior 
or posterior dislocation of the proximal fibula. The specimens 
were prepared and examined in an identical fashion as the 
normal intact cadaver joints. Two cadavers with classic rheu- 
matoid arthritis involving the proximal tibiofibular joint and 
several clinical cases demonstrating abnormalities of the proxi- 
mal tibiofibular articulation were also studied. 


Developmental Anatomy 


Before 12 weeks of fetal age, the proximal tibiofibular 
joint does not possess a cavity [1] (fig. 1). Subsequently, 
narrow cavities which may be separated from the lateral 
femorotibial joint by a small amount of loose fibrous or 
areolar tissue are apparent. Communication between the 
knee joint and proximal tibiofibular joint may be identi- 
fied in some fetuses and exists in about 10% of adult 





Fig. 3.—A and B, Coronal sections through two adult tibiofibular joints. F = 
developed articular cartilage and joint space. Lateral recess (closed arrows) is especially well developed, as is joint capsule. Medial synovial recess is 
partially obliterated (arrowheads). Bands of fibrous and areolar tissue (open arrow) separate femorotibial and proximal tibiofibular articulations. B, 
Obliquely inclined joint (arrows). Incidental finding is degeneration of lateral meniscus (arrowhead). C, Radiograph of oblique section through knee 
joint after arthrography with methylmethacrylate. Contrast material is present within femorotibial space (arrow), continuous with small amount of 
contrast material within proximal tibiofibular articulation (arrowheads). Communication between these two articulations can be seen in about 10% of 
adults. Note smooth cartilage of tibiofibular articulation. 


femur, T = tibia, f = fibula. A, Horizontal articulation contains well 
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Fig. 4.—Normal radiographic anatomy. A, Anteroposterior radiograph ou timing normal relationship of proximal tibia and fibula. 
Medial aspect of fibular head crosses lateral border of tibia. B, Lateral radicgraph showing fibular head overlying posterior border 
of tibia. Note linear sloping radiodensity (arrowheads) which identifies mest posteromedial portion of lateral tibial condyle. This 
radiodense line is projected over midportion of fibular head. C, Posterior aspect of proximal tibia and fibula showing relationshio of 
fibular head to posterior margin of tibia. Note groove (arrows) that separates midportion of tibial shaft from bulk of bone forming 
supporting structure of lateral tibial condyle. This groove produces linear sloping radiodensity on lateral knee radiographs D, 
Lateral view showing relationship of proximal fibula and tibia. Again note groove (arrows). 


articulations. Subsequent development of the proximal 
tibiofibular joint includes the formation of articular car- 
tilage, synovial tissue, synovial recesses, and fibrous 
capsule. 

The fully developed articulation is approximately a 
plane joint between the lateral condyle of the tibia and 
the head of the fibula. Apposing bony facets are covered 
with articular cartilage, and the bones are connected by 
a fibrous capsule and anterior and posterior ligaments 
[2] (fig. 2). The fibrous capsule, which is attached to the 
margins of the tibial and fibular articular facets, is much 
thicker anteriorly than posteriorly. The anterior ligament 
passes obliquely upward from the front of the fibular 
head to the front of the lateral condyle of the tibia; the 
posterior ligament passes obliquely upward from the 


back of the fibular head to the back of the lateral condyle 
of the tbia. The posterior ligament is covered by the 
popliteus tendon. Superior support is provided by the 
fibulæ collateral ligament extending from the tateral 
aspec cf the fibular head to the lateral femoral epicon- 
dyle. 

The two basic types of proximal tibiofibular articular 
cavities 3] are horizontal (less than 20% joint inclination) 
and clique (greater than 20% joint inclination), al- 
thouc® intermediate varieties are also found (figs. 3A 
and 32). The horizontal type is associated with increased 
rotato y mobility and more joint surface area, whereas 
the otlique type of articulation is associated with less 
rotato y mobility and less joint surface area. The major 
functions of the proximal tibiofibular joint are dissipating 
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torsional stresses applied at the ankle and lateral tibial 
bending movements, and providing tensile rather than 
significant weight-bearing strength [3]. 


Normal Radiographic Anatomy 


The proximal tibiofibular joint is located inferior and 
slightly medial to the lateral aspect of the lateral tibial 
condyle (fig. 4). On an anteroposterior radiograph the 
medial aspect of the fibular head, which is the actual 
articulating surface, crosses the lateral border of the 
tibia. On the lateral radiograph the fibular head overlies 
the posterior border of the tibia. Its proper position in 
this projection can be confirmed by identifying its rela- 
tion to the lateral tibial condyle. 

An important landmark on the lateral knee radiograph 
to locate the exact position of the fibular head is formed 
by the posteromedial portion of the lateral tibial con- 





Fig. 5.—Optimal view for visualizing proximal tibiofibular joint 
in profile. Radiograph is exposed in 45°-60° internal rotation. 
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dyle[4]. A line drawn in an anterior-to-posterior direction 
along the lateral tibial spine and continued inferiorly 
along the posterior aspect of the tibia will identify a 
groove that separates the midportion of the tibial shaft 
from the bulk of the bone forming the supporting struc- 
ture of the lateral tibial condyle posteriorly. With the use 
of lead markers we have identified this groove on the 
lateral knee radiograph. The linear sloping radiodensity 
observed on the lateral knee radiograph proceeds first 
posteriorly and inferiorly to form an acute angle poste- 
riorly which identifies the most posteromedial portion of 
the lateral tibial condyle. The linear radiodensity then 
extends inferiorly and anteriorly from this point in the 
groove described above. Knowledge of the exact loca- 
tion of this line greatly assists in the interpretation of 
lateral knee radiographs in tibiofibular joint dislocations 
(see below). 

The optimal view for visualizing the proximal tibio- 
fibular joint is a radiograph exposed with the knee in 
45°-60° internal rotation (fig. 5). In this projection the 
articulation is seen in profile, generally free of overlying 
osseous structures, and the width of the articular space 
and appearance of subchondral bone can be evaluated. 


Radiographic Abnormalities 


Although a variety of processes may produce altera- 
tions about the proximal tibiofibular joint, this report 
focuses on (1) subluxation and dislocation and (2) artic- 
ular abnormalties. In these cases proper identification 
and interpretation of radiographic changes require un- 
derstanding of the aforementioned anatomic principles. 


Subluxation and Dislocation 


Subluxation and dislocation of the proximal tibiofibu- 
lar joint are not common, may be unilateral or bilateral., 
and are often difficult to identify radiographically [5, 6]. 
Subluxation of the proximal tibiofibular joint relates to 
excessive symptomatic anteroposterior motion without 





Fig. 6.— Dislocation of proximal tibiofibular joint in cadaver. A, Anterolateral dislocation. Almost entire fibular head is projected 
in front of sloping radiodense line (arrows). B, Posteromedial dislocation. There is little overlap between proximal tibia and fibula. 
Fibular head is projected entirely posterior to sloping radiodense line (arrows). 
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dislocation [5]. Dislocation may be seen in association 
with parachute injuries and has also been called horse- 
back rider’s knee, since the fibular head may undergo a 
posterior dislocation as the knee strikes the gatepost. 

Dislocation of the proximal tibiofibular joint can be 
classified as anterolateral (the most common variety), 
posteromedial (a serious injury with associated compres- 
sion of the peroneal nerve), and superior (an injury 
associated with superior dislocation of the lateral mal- 
leolus) [6]. The mechanism for anterior dislocation is 
adduction of the lower leg with knee flexion. The mech- 
anism for posterior dislocation is either a direct blow or 
a twisting injury that tears the capsule and surrounding 
ligaments. Superior dislocation occurs in conjunction 
with an ankle injury, the entire fibular shaft being dis- 
placed superiorly. 

Although identification of anterior or posterior dislo- 
cation of the proximal tibiofibular joint on radiographs 
may be aided by a comparison view of the opposite knee, 
there are instances in which such a view is not obtained 
or when the opposite side is also abnormal. In these 
cases, proper identification of the dislocation requires 
identification of the abnormal relationship of the fibular 
head and tibia. Assessment of this relationship requires 
true lateral and anteroposterior radiographs, since films 
exposed in mild degrees of obliquity are difficult to in- 
terpret. 

Anterolateral dislocation. In anterolateral dislocation 
of the tibiofibular joint, the fibular head is displaced 
laterally on the anteroposterior radiograph and anteriorly 
on the lateral radiograph. On an anteroposterior radio- 
graph, the fibular head may no longer overlap the lateral 
margin of the lateral tibial condyle; on a lateral radio- 
graph the majority of the fibular head will be located 
anterior to the posterior margin of the tibia and anterior 
to the sloping line created by the groove that identifies 


Fig. 8.—Rheumatoid arthritis. A, 
Oblique radiograph in patient with 
rheumatoid arthritis outlining dif- 
fuse joint space narrowing and mi- 
nor superficial erosive changes. Os- 
teoporosis is evident. B, Macerated 
section of proximal tibiofibular joint 
in rheumatoid cadaver showing sim- 
ilar appearance. Note joint space 
narrowing and superficial osseous 
erosions (arrow) indicative of rheu- 
matoid arthritis. 


the medial posterior portion of the lateral tibial condyle 
(figs. 6A and 7). 

Posteromedial dislocation. In posteromedial disloca- 
tion of the tibiofibular joint, the fibular head is displaced 





Fig. 7.—Anterolateral dislocation. Anteroposterior radiograph 
after trauma indicating that fibular head is situated too far lat- 
erally. Note only minimal overlap between proximal tibia and 
fibula (cf. fig. 4A). 





138 RESNICK ET AL. 





medially on the anteroposterior radiograph and poste- 
riorly on the lateral radiograph. On an anteroposterior 
radiograph, most of the fibular head is located behind 
the proximal tibia; on a lateral radiograph, almost the 
entire fibular head is projected behind the line represent- 
ing the groove on the medial posterior portion of the 
lateral tibial condyle (fig. 6B). 


Articular Abnormalities 


The proximal tibiofibular articulation can be affected 
in many articular diseases; alterations in these diseases 
are similar to changes occurring in other synovial erticu- 
lations. In rheumatoid arthritis the knee joint is fre- 
quently affected with cartilage and osseous destruction 
about the medial femorotibial, lateral femorotibial, and 
patellofemoral compartments. In addition, in our experi- 
ence about one-third of rheumatoid patients with such 
knee involvement demonstrate additional alterations of 
the proximal tibiofibular joint (fig. 8). These changes in- 
clude joint space loss and subchondral osseous erosion. 

Although we have not observed septic arthritis isclated 
to the proximal tibiofibular joint, we have noted several 
cases in which initial infection of the knee joint has 
Subsequently involved the proximal tibiofibular joint (fig. 
9). This sequence of events is not surprising, particularly 
when infections have remained untreated for extended 
periods of time. Offending organisms can easily spread 
from the knee joint to the proximal tibiofibular articula- 
tion by way of the occasional normal communicating 
pathway or by disruption of intervening weak connective 
tissue. Knowledge of potential communication between 


Fig. 9.—Septic arthritis. A, Initial 
radiograph demonstrating consider- 
able destruction of distal femur and 
proximal tibia with joint space loss. 
Medial aspect of fibular head (ar- 
rows) appears normal. B, Coned 
oblique radiograph of internally ro- 
tated knee joint 2 weeks later. Septic 
process has extended from femoro- 
tibial space into proximal tibiofibu- 
lar joint. Note joint space narrowing 
and bone destruction at latter site 
(arrows). 


these two joints is important in the differential diagnosis 
of articular disease. On observation of abnormality of 
both the knee and proximal tibiofibular joint, apparent 
polyarticular’ disease should not rule out a potential 
diagnosis of septic arthritis; rather, this pattern reflects 
monoarticular arthritis with dissemination of conta- 
minated fluid from one articulation to the other. 
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Lisfranc’s Fracture-Dislocation: A Manifestation of 
Peripheral Netropathy 


SUSAN B. GIESECKE,’ MURRAY K. DALINXA,' AND G. CLAYTON KYLE? 


Lisfranc’s fracture-dislocation may be secondary to acute 
trauma, but on the basis of our experience with seven cases, 
it is more commonly a manifestation of repetitive subclinical 
trauma in patients with a neuropathic disorder. Separation of 
these two groups of patients is important, since those with 
acute trauma require reduction and those with a neuropathy 
need only be treated with non-weight bearing. All patients 
with Lisfranc’s fracture-dislocation and without a specific 
history of acute trauma should be evaluated for the possibility 
of diabetes mellitus or another cause of sensory neuropathy. 


Lisfranc’s fracture-dislocation is really a misnomer, since 
Lisfranc described an amputation through the tarsome- 
tatarsal joints and not a dislocation or a fracture-dislo- 
cation [1]. However, we feel that common usage is 
sufficient reason for maintaining this eponym. 

Traumatic fracture-dislocations of the tarsometatarsal 
or Lisfranc’s joints are uncommon, occurring only 16 
times in a series of 82,500 fractures [2, 3]. The second 
tarsometatarsal joint is the most common site for this 
complex, and its rarity is probably due to the anatomic 
stability of the tarsometatarsal joints. The second meta- 
tarsal base is recessed, and the metatarsal-second cu- 
neiform joint lies proximal to the first and the third joint 
spaces. Normally, the medial edge of the second meta- 
tarsal aligns with the medial edge of the second cunei- 
form [4]. With eversion, inversion, or anterior flexion 
injuries, dorsal or lateral (rarely plantar) dislocations at 
these joints can occur [2, 3]. Avulsion chip fractures are 
often associated with the subluxation (fig. 1). 

In the past year we have encountered seven cases of 
second tarsometatarsal joint dislocation. Only one of 
these occurred secondary to acute trauma; the other six 
patients had a peripheral neuropathy which was second- 
ary to diabetes mellitus. In one of these patients the 
abnormality in carbohydrate metabolism was not recog- 
nized until after the fracture-dislocation was noted. 


Case Reports 
Case 1 


H. C., a 56-year-old female with insulin-dependent diabetes 
mellitus, had clinical evidence of extensive diabetic osteoar- 
thropathy and Charcot joint formation. Radiography demon- 
strated a Lisfranc’s fracture-dislocation (fig. 2). The patient 
has been lost to follow-up. 


Case 2 


M. P., a 50-year-old insulin-dependent diabetic female, 
twisted her ankle and developed increased warmth and loss of 
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sensetien of the left foot. Radiography revealed subluxation of 
the scond metatarsal-tarsal joint (fig. 3). A diagnosis of early 
diabetic osteopathy was made. Therapy consisted of non- 
weight bearing and resulted in considerable reduction of the 
subluxation. 


Case 3 


J. =. a 39-year-old male with hypogonadotropic hypogon- 
adism . was seen with a 1 month history of swelling, redness, 
and ticeration of the left foot. Radiography revealed a typical 
Lisfranc's fracture-dislocation of the right second metatarsal 
(fig. 4). At that time the diagnosis of diabetes mellitus with 
diabetic neuropathy was first made. 


Case 4 


P. W., a 57-year-old female with insulin-dependent adult 
onset d abetes, had cellulitis and diabetic ulceration over the 
medial aspect of the left foot. Radiography revealed a Lisfranc’s 
fracture-dislocation of the second metatarsal. 


Case 3 


M. =. a71-year-old insulin-dependent diabetic female, had a 
history of bilateral lower extremity ulceration and é prev ous left 
femoral popliteal bypass. At this examination she had severe 
destruction cf several metatarsal-tarsal joints and a Lisfranc’s 
fracture-dislocation of the left second metatarsal. Treatment 
consisted of immobilization of the foot in a space shoe. 


Case 3 


C. J., a 40-year-old male with insulin-dependert adult onset 
diabe’es, had an erythematous, ulcerated, anesthetic right foot. 
Radicagraphy demonstrated a classic Lisfranc’s tarsometatarsal 
dislocation. The patient was treated with non-weight bearing. 
After 2 months, there was decreased warmth and erythema of 
the faot, healing of the ulceration, and significant recovery of 
senszion. Radiography 1 month later revealed minima reduc- 
tion ir the amount of dislocation. 


> 


Case 


G. 3. a 49-year-old female with an unremarkable medical 
history. was seen after an automobile accident in which the 
dashboerd contents fell on her foot. Radiography revealed a 
Lisfranc s fracture-dislocation of the second metatarsal (fig. 5). 


Discussion 


In aur experience, most Lisfranc’s fracture-disloca- 
tions are secondary to repetitive subclinical trauma. The 
diagnosis of a Lisfranc’s fracture-dislocation in a patient 
without an acute traumatic injury should suggest the 
diagnosis of a neuropathic joint. 
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Fig. 1.—Schematic drawings of bones of metatarsal-tarsal 
region. A, Normal anatomy of region. B, Tarsometatarsal disloca- 
tion of second cuneiform metatarsal joint. C, Tarsometatarsal 
fracture-dislocation of second cuneiform-metatarsal joint. Nor- 
mally, medial edge of second metatarsal aligns with medial edge 
of second cuneiform [4]; with dislocation, this alignment is 
disrupted. 





Fig. 2.— Case 1. Tarsometatarsal dislocation at second tarso- 
metatarsal joint. There is irregularity and cyst formation about 
middle cuneiform-metatarsal joints and navicular-cuneiform joint 
secondary to diabetic neuropathy. Note relationship of medial 
border of second cuneiform (small arrow) and medial border of 
second metatarsal (/arge arrow). 


In diabetes mellitus, the peripheral neuropathy con- 
sists of anesthesia, decreased vibratory sensation, ab- 
sence of proprioception, and decreased pain sensation. 
These findings are not limited to patients with long- 





Fig. 3.— Case 2. Dislocation at second tarsometatarsal joint. 
Bases of first and second metatarsals are widely separated. 


standing severe diabetes, although this was the case in 
five of our six diabetic patients. The neuropathy may 
occur without an obvious carbohydrate metabolic abnor- 
mality and may even be the initial manifestation of the 
disease [5]. The changes in diabetic osteoarthropathy 
are indistinguishable from those seen in other sensory 
neuropathies [6]. Therefore, we would expect an in- 
creased frequency of tarsometatarsal dislocation in other 
peripheral neuropathies, such as leprosy and syringo- 
myelia. 

In patients with sensory neuropathy, subclinical repet- 
itive trauma may lead to joint effusions with distention of 
the capsule and ligamentous laxity. Fracture, disloca- 
tion, disruption of the articular surface, and formation of 
typical Charcot joints may be the end results [6]. If a 
Lisfranc’s fracture-dislocation is seen in a patient with a 
neuropathy, the treatment is generally non-weight bear- 
ing and protection of the joint [7]. This therapy may lead 
to significant recovery and prevent or delay the onset of 
a true Charcot arthropathy [8]. In patients without neu- 
ropathy, the treatment is usually closed reduction fol- 
lowed by casting. On occasion internal fixation is re- 
quired [9]. 
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Fig. 4.—Case 3. Tarsometatarsal dislocation at second tarso- 
metatarsal joint. Note increased density and periosteal reaction 
about first metatarsal in patient with typical Charcot arthropathy. 





Fig. 5.—Case 7. Typical tarsometatarsal dislocation at second 
tarsometatarsal joint secondary to acute trauma in normal individ- 
ual (cf. fig. 3). 
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Gastrointestinal Angiographic Findings in Systemic Amyloidosis 


FRANZ MICHAEL SCHROEDER," ? FRANKLIN J. MILLER, JR.,’ JAMES A. NELSON,’ AND RONALD S. RANKIN! 


Amyloidosis is a multisystem disease process of unknown 
cause in which characteristically staining protein-polysaccha- 
ride material is deposited in body tissues. Although gastroin- 
testinal involvement is usually asymptomatic, amyloid infiltra- 
tion of mesenteric and submucosal vessel walls may be 
associated with acute or recurrent gastrointestinal hemor- 
rhage in patients with the diagnosis of amyloidosis. Angiog- 
raphy in such cases may demonstrate arterial and venous 
changes as a result of these vascular wall deposits. Two 
patients with proven amyloidosis and gastrointestinal hemor- 
rhage are presented, and their angiographic findings are 
discussed with the pathologic correlations. 


Amyloidosis refers to a group of diseases characterized 
by diffuse-or focal tissue infiltration by insoluble proteins 
or protein-polysaccharide complexes which polymerize, 
yielding characteristic fibrils with a distinctive green- 
yellow birefringence on polarization microscopy after 
Congo red staining [1]. Amyloidosis in association with 
neoplasms, rheumatoid arthritis, chronic inflammation, 
multiple myeloma, and other plasma cell dyscrasias is 
well known and is usually classified as secondary disease 
[1, 2]. If there is no association with other entities, it is 
classified as primary. 

Many organ systems are affected. Gastrointestinal in- 
volvement in amyloidosis is common, although usually 
asymptomatic. Severe intestinal hemorrhage as an early 
symptom is rare but may eventually complicate the 
disease course. In a review of existing literature, we 
found no previous report on the angiographic manifes- 
tations of gastrointestinal amyloidosis. We have studied 
two such patients with intestinal hemorrhage. This paper 
describes the gastrointestinal angiographic findings re- 
lated to amyloidosis. 


Case Reports 
Case 1 


D. T., a 54-year-old man, had a 9 month history of fatigue, 
impotence, anorexia, and 11 kg weight loss. Physical examina- 
tion revealed ascites, hepatomegaly, and moderate pitting 
edema of the lower extremities. Chest radiography showed mild 
cardiomegaly without pleural effusions; all barium studies were 
normal. Radionuclide liver scan showed hepatomegaly without 
focal defects. Rectal biopsy revealed massive amyloid deposi- 
tion in mucosal and submucosal arteriolar walls. Liver and 
marrow biopsies were also positive for amyloid. There was no 
clinical, radiographic, or laboratory evidence of multiple mye- 
loma and a diagnosis of primary amyloidosis was made. 

During the second week of hospitalization, the patient devel- 
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oped a nephrotic syndrome with more than 3 liters urinary 
output per day, but this cleared spontaneously 3 days later. 
Immediately prior to anticipated discharge, he suffered an acute 
gastrointestinal hemorrhage with dark blood per rectum, requir- 
ing five units of packed red blood cells, two units of whole 
blood. and two units of fresh frozen plasma over a 36 hr period. 
Proctascopy to 20 cm showed a normal mucosa with fresh 
blood within the lumen. 

Celiac, superior mesenteric, and inferior mesenteric arteri- 
ography showed no bleeding site; however, several medium- 
sized arteries demonstrated luminal irregularities (fig. 1A), ab- 
rupt changes in caliber, and occlusion or truncetion of small 
mesenteric branches (fig. 18). There were no central celiac or 
mesenteric arterial trunk stenoses or demonstrable atheroma- 
tous changes in the abdominal aorta. On the superior mesen- 
teric artery injection, the main trunk of the superior mesenteric 
vein became visible at 30 sec, but its normal tributaries were 
replaced by a bizarre, tortuous system of collateral venous 
channels throughout the mesentery (fig. 1C). This disorganized 
venous pattern was also observed in the superior 1emorrhoidal 
distribution cf the inferior mesenteric artery injection (fig. 1D). 
After angiography, intestinal hemorrhage ceased sponta- 
neously, and further transfusions were not required. 

The patient was discharged to a nursing care facility after a 4 
day course of melphalan and prednisone-penicillamine chemo- 
therapy He was readmitted 2 months later in severe hepatorenal 
failuresand expired shortly thereafter. Postmortem examination 
showed extensive replacement of thyroid, kidney, adrenal, liver, 
and spleen parenchyma with amyloid. Numerous amyloid de- 
posits were found throughout the submucosa of the small 
bowel and colon and within vessel walls (fig. 2). Atheromatous 
disease was not seen around the abdominal vessels, but mild 
atheromatous changes were present in the aortic arch. 


Case 2 


A. M., a 54-year-old black man, was initially acmitted to the 
San Francisco Veterans Administration Hospital with a 6 month 
history of anorexia, weakness, lower abdominal pain, and 16 kg 
weight loss. Physical examination disclosed mild hepatomeg- 
aly, and chest radiography demonstrated a right middle lobe 
infiltrate. Bone marrow aspirate showed an increased plasma 
cell population consistent with multiple myeloma. Hematocrit 
was 24, and urine test for Bence-Jones reaction was negative. 
An open liver biopsy was normal. 

Shortly after admission, the patient developed acute gastroin- 
testinal hemcrrhage. Celiac and mesenteric arteriography failed 
to define a bleeding site, but in retrospect there were multiple 
arterial irregularities in small and medium-s zed arteries 
througnout the mesentery (fig. 3). The venous phase was 
normal, and bleeding ceased spontaneously. 

The patient was discharged on melphalan but readmitted 1 
year later with progressive weakness and a larger liver. Hepato- 
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Fig. 1.—Case 1. A, Inferior mesenteric artery injection, arterial phase, demonstrating numerous eccentric irregularities in 


lumen of superior hemorrhoidal artery (arrows). B, Superior mesenteric artery injection, arterial phase, showing abrupt caliber 
changes and occlusion of several peripheral jejunal arterial branches (arrows). C, Superior mesenteric artery injection, late 
venous phase, clearly showing one main trunk (arrow) of superior mesenteric vein, with tortuous and irregular tributaries. D, 
Inferior mesenteric artery injection, early venous phase, showing irregular sized and tortuous veins (arrows). 


megaly, ascites, and muscle wasting developed, with rapid 
abdominal distension and marked pitting edema of his feet. 
Liver biopsy now showed marked amyloid infiltration. 

Despite supportive measures, the patient steadily deterio- 
rated and expired in hepatic and cardiac failure. Autopsy find- 
ings demonstrated a firm waxy liver and spleen, and minimal 


atheromatous change in the aorta. Microscopic small and large 
bowel sections and specimens of mesentery showed numerous 
small amyloid deposits in the walls of submucosal and mesen- 
teric arteries and veins. Other amyloid infiltrates were observed 
in the adrenals, kidneys, pancreas, esophagus, heart, and 
gallbladder. 
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Fig. 2.-Case 1. A, Section of 
distal jejunum, crystal violet stain, 
showing extensive hyaline deposits 
of amyloid in walls of both arterial 
(arrow) and venous (arrows) vessels. 
B, Section of rectal wall, Congo red 
stain, showing widespread amyloid 
infiltration of submucosal vessels 
(arrows) and connective tissue. 


Discussion 

The term amyloid was coined by Virchow who noted 
its superficial resemblance to starch. Although a misno- 
mer. the word has become part of established medical 
terminology. Today it is apparent that amyloid deposition 
in tissues is the end product of a number of disease 
processes, overt or occult, producing a disturbance in 
protein metabolism. 

Amyloid deposition may occur as a normal conse- 
quence of aging. Of patients over 70 years of age, 64% 
show meningovascular involvement and 57%, cardiac 
deposits [1]. Alimentary tract involvement is common but 
frequently asymptomatic. Macroglossia, the most prom- 
inent oral manifestation, occurs in 17% of patients. 
Although focal amyloid deposits in the gastrointestinal 
tract may masquerade as tumors, the usual pattern of 
involvement takes the form of diffuse infiltration of vessel 
walls in the submucosa, leading to syndromes of malab- 
sorption, pseudoobstruction, ulceration, protein loss, 
and diarrhea. In the esophagus, dysphagia and perfora- 
tion have been observed [1]. Colonic amyloidosis may 
simulate chronic ulcerative colitis. 

A serious consequence of gastrointestinal amyloidosis 
is hemorrhage in the form of diffuse oozing from wide- 
spread but small mucosal erosions induced by vascular 
infiltration. Perlin et al. [3] concluded from their patient 
that gastrointestinal hemorrhage is due to extensively 
infiltrated vessels. Liver involvement may lead to portal 
hypertension with bleeding from esophageal varices. In 
the stomach and bowel, deep ulcers and/or superficial 
erosions of the mucosa may be seen pathologically, and 
thumbprinting may be observed on barium enema study. 





Amyloic deposits in the bowel wall appear as plaques or 
circumferential massive infiltrations, as well as submu- 
cosal perivascular accumulations [2]. 

O'Grady and O'Connell [4] described severe gastroin- 
testinal hemorrhage in a patient who had scattered blue- 
black nodules on the jejunal and ileal mucosa at Surgery. 
Within ‘hese nodules were thickened vessels. No asso- 
ciated erosions or ulcers were found, and bleeding 
ceased after ligation of 14 vessels which supplied the 
nodues. Our first patient (case 1) did not have surgery, 
but anciography demonstrated tortuous, irregular veins 
draining to the main superior mesenteric venous trunk. 
The i-regular veins are consistent with amyloid deposits. 
Barium enema study several days after angiography 
demenstrated no diverticula, masses, or mucosal dis- 
ease to explain the bleeding. 

Th= renal arterial changes described in six amyloid 
patients by Ekelund and Lindholm [5] (both primary and 
seco Icary types) are similar to the arterial findings in the 
gastrointestinal mucosa of our two patients. Their pa- 
tients showed renal irregularities involving mainly the 
intra obar arteries; our patients had similar irregularities 
in the mesenteric arteries. Although renal vein thrombo- 
sis is a complication of amyloidosis, none of their six 
patients had thrombosis on renal venography (S; 6]: 
Recently, however, McCormick and Cho [7] reported 
rena vain thrombi in five of nine kidneys examined. 

While in our cases only a few areas of mesenteric 
arter es showed the angiographic abnormalities of amy- 
loidcsis, micropathologic examination showed wide- 
spread perivascular, submucosal, and muscular amyloid 
infilt-ation. These latter areas are, of course, too small to 
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Fig. 3.—Case 2, superior mesenteric artery injection. Late 
arterial phase showing several luminal irregularities in branches 
of colic arteries (arrows). 


be seen angiographically. The abnormal superior mes- 
enteric venous tributaries may be responsible for the 
hemorrhage in our first patient, similar to those findings 
described at surgery by O’Grady and O’Connell [4]. 
While the diagnosis of amyloidosis is made by histo- 
logic examination, the angiography of patients with 
amyloidosis may be expected to have arterial irregulari- 
ties as well as venous changes in the gastrointestinal 
tract. The possibility of treating amyloid patients suffer- 


ing from acute, intractable, gastrointestinal hemorrhage 
with intravenous or intraarterial posterior pituitary ex- 
tract infusions could be considered, even when no an- 
giographic or endoscopic bleeding site is identified, 
since mesenteric arterial vasoconstriction will decrease 
mesenteric venous pressure. This mode of therapy was 
not used in our two patients with gastrointestinal bleed- 
ing, since they stopped hemorrhaging spontaneously. 
The course of amyloidosis varies with the pre- or 
coexisting disease or whether involvement is local or 
diffuse. Although regression of deposits has been re- 
ported after surgical or antimicrobial eradication of a 
chronic suppurative process, the rule is progressive 
deterioration with death from cardiac, hepatic, or renal 
failure in the majority of cases. Treatment is Supportive. 
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Atypical Appearances of Benign Hyperplastic Gastric Polyps 


NORMAN JOFFE! AND DONALD A. ANTONIOLI? 


The vast majority of epithelial polyps of the stomach can be 
divided into two groups: (1) hyperplastic or regenerative 
polyps, and (2) adenomas. Of the two, hyperplastic polyps are 
much more common; they are nonneoplastic lesions which 
are typically asymptomatic, small, smooth-surfaced, and often 
multiple. Malignant transformation virtually never occurs in 
this group of polyps. Adenomas are true neoplasms; they are 
relatively large, have an irregular surface, and show a distinct 
tendency to undergo malignant transformation. In this paper 
the radiologic appearances of hyperplastic gastric polyps, 
with special reference to atypical findings, are discussed and 
illustrated. It is shown that simple hyperplastic polyps may 
present any or all of the radiologic criteria suggestive of 
gastric adenomas or even frank malignancy. Thus, while 
radiology plays a vital role in the initial detection and follow- 
up of gastric polyps, optimum clinical management of the 
patient is best based on knowledge of the histologic structure 
of the lesion obtained by endoscopy and biopsy. 


Introduction 


Apart from rare syndromes of diffuse gastrointestinal 
polyposis, epithelial polyps of the stomach may be sep- 
arated by histologic means into two basic types: hyper- 
plastic or regenerative polyps and adenomas, including 
adenomatous polyps and villous adenomas [1-5]. Hyper- 
plastic polyps are not true neoplasms; they are believed 
to result from excessive regeneration of foveolar cells 
following inflammatory destruction of the gastric mu- 
cosa [5]. These nonneoplastic polyps are often multiple 
(2, 3, 5]. Typically, they are small (less than 1.5 cm in 
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diam=ter), smooth or mildly lobulated in contour, and 
sessi e. although larger ones may become pedunculated. 
Malicmant transformation virtually never occurs [4, 5], 
although these polyps may be associated with an inde- 
pendant coexisting carcinoma elsewhere in the stomach 
[2, 3. 5]. Microscopically (fig. 1A), they are composed of 
hype-plastic glands which are often cystic and lined by a 
singe layer of mature mucus cells with abundant cyto- 
plasm and small basally-oriented nuclei. Nuclear atypia 
and mitotic activity are not seen except in relation to 
areas of surface inflammation. The stroma shows varying 
degrees of inflammation and granulation tissue and 
often contains thin muscle bundles originating from the 
muscularis mucosae. 

The adenoma is a true neoplasm and shows a definite 
tendency to malignant transformation [2-4]; the reported 
incidsnce of such malignant transformation varies from 
6% to 75% with an average of 41% [5]. Typically, adeno- 
mas 2re relatively large (greater than 2 cm in diameter) 
and tave an irregular surface. They may be sessile or 
pedunculated. The majority are single and situated in the 
antrum. Small so-called “flat adenomas” which are 
raised only slightly above the surrounding mucosa have 
been described in Japan [5] but are rarely seen else- 
wher. Microscopically (fig. 1B), adenomas have a pap- 
illary configuration and show nuclear atyoia charac- 
terized by hyperchromasia, pleomorphism, and abnor- 
mal 7uclear-cytoplasmic ratios. Mucus production is 
scan’ cr absent; muscular tissue is not present and in- 





Fig. 1.—A, Photomicrograph showing glandular appearance of hyperplastic gasic polyp. Glands are formed by surface-foveolar type mucous cells 
having completely benign characteristics: small uniform basally-oriented nuclei ana copious apical mucin production. B, Photomicrograph of portion 
of gastric adenoma exhibiting viliform growth pattern. Epithelial cells are dysplasac. Nuclei are enlarged, hyperchromatic, slightly pleomorphic, and 
show a loss of basal orientation. There is virtual absence of mucin production. (H amd E, x 250). 





Received November 10, 1977; accepted after revision March 15, 1978. 

‘Department of Radiology, Beth Israel Hospital and Harvard Medical School, 3 Brookline Avenue, Boston, Massachusetts 02215. Address reprint 
requests to N. Joffe. 

2Department of Pathology, Beth Israel Hospital and Harvard Medical School, Boston, Massachusetts 02215. 


Am J Roentgenol 131:147-152, July 1978 147 0361-803X/78/0700 — 0147 $00.00 


© 1978 American Roentgen Ray Society 


148 JOFFE AND ANTONIOLI 





Fig. 2.—Case 1. Upper gastrointestinal examination 
showing multiple small smooth or mildly lobulated polyps 
in body of stomach. This incidental finding in patient with 
carcinoma of pancreas was shown at autopsy to be hy- 
perplastic polyps. 


flammatory changes are not a prominent feature. Focal 
malignant change with stromal invasion is common ER 

Gastric polyps are relatively uncommon. Autopsy stud- 
ies suggest an incidence of approximately 0.4% [5], 
although the current widespread use of endoscopy is 
likely to disclose a higher incidence than previously 
recognized. Of the two major types, the hyperplastic 
polyp is much more common. In a study of 90 gastric 
polyps from 49 patients (34 surgical and 15 autopsy 
cases), Ming and Goldman [2] found that 79% were 
hyperplastic (regenerative) polyps and 21% adenomas. 
In a series of 97 cases of gastric polyps studied histolog- 
ically by Tomasulo [3], 76% were hyperplastic. According 
to Ming [5], 75%-90% of gastric polyps are hyperplastic 
and 10%-25% adenomas. 

The vast majority of hyperplastic gastric polyps are 
asymptomatic and exhibit radiologic features (figs. 2, 3, 
and 4) which correspond to the gross morphologic 
characteristics described above. Occasionally, however, 
they present with a variety of clinical symptoms or 
atypical radiologic findings which may give rise to diffi- 
culties in diagnosis and management. These sympto- 
matic and atypical hyperplastic gastric polyps are the 
topic of the present communication. The clinical. radio- 
logic, and pathologic findings in nine illustrative cases 
are summarized in table 1 (figs. 5-10). 


Hyperplastic Gastric Polyps 


In most clinical and radiological studies, gastric polyps 
are indiscriminately termed adenomatous and the terms 
gastric polyp and gastric adenoma are frequently used 
interchangeably. The term gastric polyp is employed to 
include both hyperplastic polyps and true adenomas. 
Thus, despite a vast literature on gastric polyps, failure 





Fig. 3.— Case 2. Double contrast examination of stom- 
ach showing carcinoma involving lesser curve aspect of 
body (open arrow). Note two small smooth polyps (arrow- 
heads) proximal to carcinoma. Histologic examination 
after subtotal gastrectomy showed these to be hyperplas- 
tic polyps. 





Fig. 4.— Case 3. Double contrast examination of stom- 
ach in patient with pernicious anemia showing large irreg- 
ular pedunculated polyp and small smooth sessile polyp 
(arrow). Subtotal gastrectomy was performed: microscop- 
ically, large lesion was adenoma containing focus of 
malignant transformation and small lesion was hyperplas- 
tic polyp. 


to distinguish between the different histologic types 
makes it virtually impossible to extract reliable data from 
most published series. 

The major focus of interest in gastric polyps relates to 
their malignant potential. However, the reported inci- 
dence of malignant transformation in gastric polyps 
shows tremendous variation (O%-50%) due to the failure 
by most authors to differentiate between the hyperplastic 
and adenomatous types [5, 6]. Radiologically, the benign 
or malignant nature of a mucosal polyps is largely 
determined by its size and configuration. In a review of 
138 gastric polyps, Marshak and Feldman [7] concluded 
that sharply defined polyps less than 2 cm in diameter 
should be regarded as “benign adenomatous polyps’’: if 
the lesion is larger than 2 cm but smooth in outline and 
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TABLE 1 
Summary of Cases 


























ach xssociated with sep- 
arate 1 cm smooth ses- 


Case Age and Sex Clinical Features Fesdiological Findings Pathologic Findings’ 
..) ger eee ee 65, F Epigastric pain, weight Multicf& small smooth Four small (1.0-1.5 cm) hyper- 
loss polyps in body of plastic gastric polyps; carci- 
stomach (fig. 2) noma of pancreas 
GAM. atk Gog ie 73,M Anorexia, weight loss, Two small smooth polyps Two small hyperplastic polyps; 
guaiac-positive stools in bedy of stomach with separate adenocarcinoma of 
coexisting separate car- stomach 
cinama (fig. 3) 
2 | ere 80, F Pernicious anemia, guaiac- Large megular polypoid Large adenoma w th micro- 
positive stools lesicm in body of stom- scopic focus of carcinoma; 


two separate small hyperplas- 
tic polyps 


sile ædlyp (fig. 4) 
S| eee 61, F Epigastric distress, micro- 6 cm iregular polypoid le- Hyperplastic polyp 
cytic anemia, guaiac- sion in body of stomach 
positive stools (fig. 5) 
‘Saree 67,M ‘Heartburn’ and flatu- 2.5 cm polyp arising from Hyperplastic polyp 
lence shormbroad-based stalk 
(fig. €) 
i i è ae rene 81,F Anorexia, weight loss, 2.5 cm sessile polyp asso- Hyperplastic polyp 
anemia, guaiac-positive ciatee with fixed con- 
stools tour defect in body of 
stomach (fic. 7) 
S| | ener le. Anemia, guaiac-positive 3.5 cm broad-based poly- Hyperplastic polyp; adenoma- 
stools poid tesion with contour tous polyp 
defe== on lesser curve of 
antrurr; separate 2.5 cm 
lobulated polyp near 
greater curve of antrum 
(fig. & 
oe wid S i 86, F Severe arteriosclerotic Upper sastrointestinal se- Hyperplastic polyp 
heart disease, anemia, ries snowed 1.5 cm pro- 
melena lapsed polyp in duo- 
dene! bulb (fig. 9A); re- 
peat examination 18 
monens later (fig. 9B) re- 
vealed 3.5 cm lobulated 
prolapsed polyp in 
duodenal bulb 
DME orris 59, M Intermittent epigastric Prolapsing 2.5 cm gastric Hyperplastic polyp 


pain, nausea and vomit- polya in duodenal bulb 
ing (fig. TO) 


j Entire polyp was available for histopathologic examination in all cases. Material was provided P» autopsyin case 1 and surgically resected specimens in ceses 2-9. 

















Fig. 6.— Case 5. Double contrast examination of stom- 
ach showing 2.5 cm polyp arising from short broad-based 
stalk. Local surgical wedge resection was performed, and 
microscopic examination revealed hyperplastic polyp. 


Fig. 5.—Case 4. Upper gastrointestinal examination 
showing 6 cm irregular polypoid lesion in body of stomach 
which was surgically resected and found to be hyperplas- 
tic polyp. 
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Fig. 7.—Case 6. Upper gastrointes- 
tinal examination showing 2.5 cm ses- 
sile polyp associated with fixed con- 
tour defect (arrow) on greater curve 
aspect of body of stomach. Endo- 
scopic biopsy suggested simple hy- 
perplastic polyp. Because of clinical 
symptoms, including chronic bleed- 
ing, lesion was removed by surgical 
wedge resection. Histologic examina- 
tion confirmed biopsy findings of be- 
nign hyperplastic polyp. 





Fig. 8.—Case 7. Upper gastrointestinal examination showing 
3.5 cm polypoid lesion with associated contour defect on lesser 
curve of the gastric antrum (arrow). Separate lobulated polyp is 
present near greater curve aspect of antrum. Because of signifi- 
cant gastrointestinal bleeding, antrectomy was performed without 
Prior endoscopic biopsy. Histologic examination showed lesion 
on lesser curve was simple hyperplastic polyp; that near greater 
curve was adenomatous polyp. 


without a contour defect, it is usually benign but should 
be removed to exclude malignancy. While these conclu- 
sions based on the size and configuration of gastric 
polyps are frequently correct, they do not take into 
account the histologic structure of the lesion. The reason 
that small smooth polyps are usually benign is that the 
vast majority of such lesions represent simple hyperplas- 
tic polyps. These are less than 1.5 cm in diameter in 90% 





of cases [2, 5]. In Tomasulo’s series [3], Only one of 33 
polyps less than 2 cm in size was adenomatous in nature. 

Since malignant transformation is virtually restricted 
to true adenomas [2-5], the ultimate evaluation of the 
malignant potential of a gastric polyp depends on the 
ability of the diagnostic technique to distinguish between 
the two histopathologic types. In Japan, Yamada and 
Ichikawa [8] evaluated the benign or malignant nature of 
polyps by employing double contrast and compression 
studies of the stomach. They used the general term 
elevated lesion to describe any protrusion into the gas- 
tric lumen and classified elevated lesions into four 
groups according to the mode of the elevation and the 
macroscopic profile of its base: type 1 = elevations with 
a smooth baseline without a clear boundary; type 2 = 
elevations with a boundary at the base but no notch: 
type 3 = elevations with a clearly notched base but no 
peduncle; and type 4 = pedunculated elevations. In 
comparing this classification to more conventional de- 
scriptions of gastric polyps in the North American and 
European literature it is apparent that type 1 lesions 
essentially correspond to submucosal tumors. types 2 
and 3 to sessile polyps, and type 4 to pedunculated 
polyps. In a study of 217 “elevated lesions,” the vast ma- 
jority of malignancies occurred in the type 2 and type 3 
groups. All type 1 lesions were benign (presumably be- 
cause they represented submucosal tumors), and only 
four of 65 type 4 cases were malignant. There were 130 
“adenomatous polyps,” of which 61 were pedunculated 
(type 4) and the remainder equally divided between type 
2 and type 3 lesions. Because of the very high incidence 
of gastric carcinoma in Japan, differences in histopatho- 
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logic classifications, and lack of details concerning the 
precise histologic findings in their cases, it is impossible 
to compare the findings of Yamada and Ichikawa [8] with 
published reports in the European and North American 
literature. 

We feel that radiology can only provide valid informa- 
tion regarding the malignant potential of gastric polyps 
if it can consistently distinguish between hyperplastic 
polyps and true neoplastic adenomas. In our experience 
this is often not possible regardless of the technique 
employed (i.e., conventional or double contrast studies). 
Our illustrative cases show that simple hyperplastic gas- 
tric polyps may demonstrate any or all of the radiologic 
criteria indicative of adenomas or even frank malig- 
nancy. In particular, such polyps may be unusually large 
(figs. 5, 8, 9B), irregular in contour (figs. 5, 8, 9B), and 


Fig. 9.—Case 8. A, Upper gastroin- 
testinal examination showing 1.5 cm 
pedunculated polyp (open arrows) 
prolapsed into duodenal bulb. B, Re- 
peat examination 18 months later after 
acute episode of melena showing 
marked enlargement of polyp which is 
again prolapsed into duodenal bulb 
(open arrows). Note site of origin of 
pedicle from lesser curve aspect of 
gastric antrum (arrowhead). Because 
of significant bleeding and marked 
increase in size of lesion, it was re- 
sected via surgical gastrotomy without 
prior endoscopy. Histologic examina- 
tion revealed hyperplastic polyp. 


Fig. 10.—Case 9. Upper gastroin- 
testinal examination showing transpy- 
loric prolapse of gastric polyp respon- 
sible for symptoms of intermittent gas- 
tric outlet obstruction. Removal via 
surgical gastrotomy revealed hyper- 
plastic polyp. 


arise from a short broad-based stalk (fig. 6); rarely, they 
may be associated with a fixed contour defect (figs. 7 
and 8), a radiologic sign generally believed to represent 
reliable evidence of malignancy [7, 9]. Moreover, al- 
though the vast majority of hyperplastic polyps do not 
exhibit an increase in size on serial radiologic or endo- 
scopic examinations, significant growth over a relatively 
short period of time may occasionally occur (fig. 9). 
Benign gastric polyps which exhibit unusual size or 
significant growth have previously been reported by 
Kriss [10]. Although he used the term gastric adenoma, 
his histologic descriptions and illustrations are those of 
typical hyperplastic polyps. While most hyperplastic gas- 
tric polyps are asymptomatic and are discovered inciden- 
tally at radiographic, endoscopic, or gross pathologic 
examinations, acute or chronic gastric hemorrhage sec- 
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ondary to surface friability and ulceration (cases 4, 6, 7, 
and 8), or symptoms of gastric outlet obstruction due to 
transpyloric prolapse (case 9; fig. 10) may occur. In the 
latter instance, radiologic differentiation from transpy- 
loric prolapse of polypoid gastric carcinoma may be 
difficult or impossible [11]. 

Another unusual manifestation of hyperplastic gastric 
polyps relates to their occurrence in the gastric remnant 
following subtotal gastrectomy. Such polyps develop 
adjacent to the healed gastroenteric anastomosis and 
may form large conglomerate masses which tend to 
recur following polypectomy. The entity of recurring, 
symptomatic hyperplastic gastric polyps following sub- 
total gastrectomy is discussed in detail in an earlier 
communication [12]. We have postulated that reflux bile 
gastritis might play an etiologic role in initiating the 
development of such polyps. 

The frequency with which hyperplastic gastric polyps 
present atypical clinical or radiological findings is unde- 
termined. From pathologic studies such as that by Ming 
and Goldman [2], it is apparent that, based on size alone. 
approximately 10% will demonstrate atypical radio- 
graphic features. From our own experience, we estimate 
that in clinical practice at least 15% (and perhaps as 
many as 20% in symptomatic patients) might exhibit one 
or more of the atypical radiologic features. Since hyper- 
plastic polyps comprise 75%-90% of gastric polyps [5], 
this represents a significant proportion of cases. It 
should be emphasized, however, that determination of 
the precise incidence of atypical clinical and/or radiolog- 
ical findings will have to await further correlative studies 
of large series in which there is a clear-cut separation of 
the different histopathologic types of gastric polyps. 

Although the size, configuration, and growth rate of 
gastric polyps are valuable indicators of their malignant 
nature or potential, they are not entirely reliable signs. 
Multiplicity of polyps is even less reliable, since both 
hyperplastic polyps and adenomas may be single or 
multiple, and both types may occur simultaneously in 
the same stomach (figs. 4 and 8). Thus while radiology 
plays a vital role in the initial detection and follow-up of 
gastric polyps, optimum clinical management of the 
patient is best accomplished by knowledge of the histo- 
logic structure of the lesion. Symptomatic polyps, such 
as those associated with significant bleeding or gastric 


Outlet obstruction, will require removal irrespective of 
their histologic nature. Asymptomatic hyperplastic 
polyps may be followed by serial radiologic and/or endo- 
scopic examinations at appropriate intervals. If biopsy 
reveals adenomatous epithelium, transendoscopic or 
Surgical removal of the entire lesion should be under- 
taken in order to permit adequate histologic examina- 
tion. Because carcinoma develops randomly in an ade- 
noma, evidence of malignant change may be missed in 
small or superficial biopsy samples. In patients with 
cytologic or biopsy evidence of malignancy, and in 
selected cases with multiple adenomas, partial gastric 
resection is the treatment of choice. 
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Ectopic Pregnancy: Criteria and Accuracy of Ultrasonic Diagnosis 


THOMAS L. LAWSON’ 


Of 26 ectopic pregnancies, a correct positive ultrasonic 
diagnosis was made in 77%, while a false negative diagnosis 
was made in 23%. Most commonly, the ectopic pregnancy 
appeared as a complex adnexal mass immediately adjacent 
to an enlarged “empty” uterus. Ultrasonic identification of an 
extrauterine gestational sac, allowing a definitive diagnosis of 
ectopic pregnancy, was uncommon. 


The diagnosis of ectopic pregnancy is difficult for the 
gynecologist as well as the ultrasonographer. Criteria for 
ultrasonic diagnosis are based on a report by Kobayashi 
et al. in 1969 [1]. This study was undertaken to evaluate 
the previously described criteria for ultrasonic diagnosis 
and to determine if there has been any increase in the 
accuracy of diagnosis with gray scale equipment. 


Subjects and Methods 


Of 266 female patients referred for evaluation of possible 
ectopic pregnancy during the past 2 years, 235 were proven to 
be normal or have a specific pelvic disease process by clinical 
follow-up or surgery (table 1). The diagnosis of ectopic preg- 
nancy was Clinically entertained in all patients because of a 
variety of clinical signs and symptoms, including pain, palpable 
mass, or abnormal vaginal bleeding. 

Pelvic sonography was performed while the urinary bladder 
was full, using a commercially available gray scale echoscope 
and 2.25 or 3.5 MHz transducers. Serial longitudinal (sagittal) 
and transverse ultrasonograms were obtained. Masses identi- 
fied were Icoalized, contours defined, internal architecture 
analyzed, and a prospective ultrasonic diagnosis made. 


Results 


There were 26 ectopic pregnancies in the 235 proven 
cases evaluated and included in this study. The ectopic 
pregnancies were most commonly tubal (22 cases); other 
locations were abdominal (one case), ovarian (one case), 
and interstitial (two cases). An interstitial ectopic preg- 
nancy was defined as a pregnancy occuring in the 
intramural portion of the fallopian tube at the tubouterine 
junction. A correct positive prospective utlrasonic diag- 
nosis of ectopic pregnancy was made in 20 of the 26 
cases (77% true positive-diagnosis), while a false nega- 
tive was made in six (23% false negative diagnosis). 

An adnexal or cul-de-sac mass was present in all cases 
of ectopic pregnancy. The masses were 2-6 cm in diam- 
eter. In a majority, the mass was complex with both 
cystic and solid components. In 67% of cases, the mass 
was immediately adjacent to the uterus and could not be 
distinctly separated from the uterus ultrasonically. In all 
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cases, 10 intrauterine gestational sac could be identi- 
fied, afhough in 23% of cases, nonspecific internal 
uterire 2choes were identified (fig. 1). These intrauterine 
echoes are probably due to the hyperplastic endome- 
trium and blood within the endometrial cavity. In one 
case, this appeared as a central sonolucent area within 
the weus which mimicked an intrauterine gestational 
sac (f€ 2). However, this central lucency lacks the dense 
halo 3f echoes which is expected with a normal intra- 
uterine gestational sac. A definite extrauterine gesta- 
tional sac was identified ultrasonically in four patients, 
allowmc a confident preoperative diagnosis of ectopic 
pregrancy (fig. 3). Ultrasonic identification of fluid in 
the cu |-de-sac may be an important adjunct to diagnosis 
and veas present in 23% of patients in this series with an 
ectop € pregnancy. The modified Kobayashi criteria for 
ultraso™c diagnosis of ectopic pregnancy and the fre- 
quency with which they were observed in this study are 
summer zed in table 2. 

Anaysis of the six cases with a false negative prospec- 
tive uclrasonic diagnosis of ectopic pregnancy revealed 
that adrexal masses representing the ectopic pregnancy 
were <n, but were misinterepreted as bowel loops, 
ovarian esions (fig. 4), or inflammatory disease. In three 
of the six cases, ectopic pregnancy was not strongly 
consideed clinically and was in an unusual location 
(abdcanal, ovarian, and interstitial). Retrospective ob- 
servaion of the marked eccentric location of the gesta- 
tional sac in the first case in interstitial ectopic preg- 


TABLE 1 


Final Proven Diagnosis in Patients with 
Suspected Ectopic Pregnancy 


No. 
Diagnosis Patients 
EClOOIS DIGONANCY 2sasecuvigsserie cs 26 
BUNTON be E ccstseseabenraxedeus 20 
rerauterine pregnancy ............... 93 
irrauterine pregnancy and ovarian re- 
MONON e na E A 37 
Ircomplete abortion ................. 9 
Ovarian retention CYST aoc sc ce esee das 10 
Pelvic inflammatory disease’ 
DOUG DEET ESTEET 12 
AOC a ii aaa amie een pane ae 20 
RPIOMBINOS IS sraton seams £ 
PEG Namaton risieda 1 
Werine leiomyoma .................. a 
TOR Correia ir a een Gand tea 235 


“One with gestational sac. 
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Fig. 1.—Ectopic pregnancy. Supine midline longitudinal ultra- 
sonogram through normal-sized uterus showing some low level 
internal uterine echoes (curved arrow). Note small collection of 
fluid (blood) within cul-de-sac (open arrow). B = bladder. 


nancy allowed a correct positive ultrasonic diagnosis in 
a second case (fig. 5). 

Of the entire group of 235 patients analyzed, a false 
positive diagnosis of ectopic pregnancy was made in 
eight cases. In these eight patients, two had early intra- 
uterine pregnancies that were not identified utlrasoni- 
cally and associated corpus luteum cysts which were 
misdiagnosed as an ectopic pregnancy. Six patients 
were erroneously diagnosed as having an ectopic preg- 
nancy and were ultimately found to have inflammatory 
disease (fig. 6), four with chronic inflammation and two 
with acute pelvic inflammation and abscess formation. 


Discussion 

While the overall accuracy of diagnostic ultrasound in 
the detection and diagnosis of pelvic masses is 91%. it is 
much less accurate in the diagnosis of ectopic preg- 
nancy [2]. Our study of ectopic pregnancy has shown no 
significant improvement in the diagnostic accuracy of 
ultrasonography from those previously published. There 
continues to be a substantial false negative diagnostic 
rate. 





Fig. 2.—A, Ectopic pregnancy. Supine midline longitudinal ultrasonogram through enlarged uterus. Ovoid sonolucent area 
within uterus (arrows) represents blood and hyperplestic endometrium within uterine cavity. B, Normal patient for comparison. 
Note normal intrauterine gestational sac (arrows). B = bladder, U = uterus. 





Fig. 3.—Left tubal ectopic pregnancy. Supine ultresonograms transverse (A) and longitudinal through left adnexal region (B), 
identifying gestational sac (arrow) outside uterus. allowing positive diagnosis of ectopic pregnancy. B = bladder, U = uterus. 
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The most commonly observed ultrasonic abnormalities 
in patients with an ectopic pregnancy were an enlarged 
uterus without an intrauterine pregnancy and an adja- 
cent complex adnexal mass. A strong clinical suspicion 


TABLE 2 


Criteria for Ultrasonic Diagnosis of Ectopic Pregnancy 


Criterion jit 
Uterine: 
Internal uterine echoeS ........--.- eee eee eee dies 23 
Uterine enlargement ...-....---- eee eee eee eee: 62 
Absence of intrauterine pregnancy ......-.-.-.---:- 100 
Extrauterine: 
Adnexal mass: 
COMDIGN. siili Paiabeteancs Ea ii E 81 
P A T EATER ETE E 19 
NG ARR AE E A E E E, 0 
Extrauterine gestational Sac ........--.-- +e see cess 13 
Fluid (blood) in cul-de-sac ........---- eee eee eee 23 
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Fig. 4.— Ovarian ectopic pregnancy. Supine longitudinal ultra- 
sonogram 3 cm right of midline showing complex right adnexal 
mass (arrow) appearing as ovarian dermoid tumor. At surgery, 
mass was ovarian ectopic pregnancy. B = bladder. 





of ectapic pregnancy was very helpful in diagnosis. since 
half of our false negative diagnostic errors were in 
patients where the clinical suspicion for ectopic preg- 
nancy was low. Identification of an extrauterine gesta- 
tiona sac allows a definitive diagnosis of ectopic preg- 
nancy, but was not commonly encountered. Fluid (usu- 
ally Elood) in the cul-de-sac was identified in about one- 
fourta of cases and, when present, was a helpful adjunct 
to diagnosis. 

While based on only two cases, the observation of a 
very eccentrically located gestational sac within the 
uterus should suggest the diagnosis of an interstitial 
ectoaic pregnancy. This may be a reliable sign if the 
associated presence of leiomyomas can be excluded. 

Ultrasound is often more helpful in excluding ectopic 
precmancy by identifying a normal intrauterine gestation. 
This was the case in slightly more than half of our 
patiznts. However, care must be taken that blood and 
hyperplastic endometrium within the uterine cavity, OC- 
casionally seen in patients with ectopic pregnancy, is not 
misdiagnosed as an intrauterine pregnancy. In these 
cass, the echogenic rim surrounding a normal intra- 
ute-ine gestational sac is not identified. Only rarely does 
an mtrauterine pregnancy coexist with an ectopic preg- 
nancy; the likelihood of these two events occurring 
simultaneously is about one in 30,000 pregnancies [3]. 
However, if the patient is on ovulatory induction drugs, 
the likelihood of these two events occuring together is 
much greater. 

Ultrasonic differential diagnosis of ectopic pregnancy 
mcst commonly includes acute and chronic pelvic in- 
flammatory disease and corpus luteum cysts. Rarely 
de-moid cysts, uterine leiomyoma, or endometrosis may 
be confused with an ectopic pregnancy. Pelvic inflam- 
matory disease is usually bilateral, although it may be 
unilateral. When it is unilateral, a confident exelusion of 
ectopic pregnancy may be impossible by ultrasound 
alone. These patients must undergo further climical eval- 
uetion. An ectopic pregnancy may simulate an ovarian 
dermoid tumor. Since they may have an identical ultra- 





Fig. 5.— Interstitial ectopic pregnancy. Supine ultrasonograms, tramsverse (A) and longitudinal 2 cm right of midline (B), showing 
very eccentric location of gestational sac (arrows) within uterine fundus. B = bladder, U = uterus, S = sigmoid colon containing 
gas and fluid. 
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Fig. 6.—False positive diagnosis of ectopic pregnancy. Supine 
transverse ultrasonogram showing chronic inflammatory changes 
in right adnexa (arrow) misdiagnosed as ectopic pregnancy. B = 
bladder, U = uterus. 


sonic appearance of a focal echogenic area surrounded 
by a cystic rim, confident differential diagnosis may be 
impossible. Corpus luteum cysts are usually larger than 
cystic ectopic pregnancies; however, when the corpus 
luteum cyst is small and complicated by hemorrhage 
within, the differential diagnosis is difficult. 


Conclusions 

A correct diagnosis of ectopic pregnancy can be made 
in approximately 75% of cases. The number of false 
negative diagnoses continues to be high. An extrauterine 
gestational sac, allowing a definitive diagnosis, is seen 
in about 15% of cases. Identification of blood in the cul- 
de-sac is a helpful adjunct to diagnosis. Accurate clinical 
history and a strong clinical suspicion for ectopic 
pregnancy are helpful in an accurate ultrasonic diag- 
nosis. Most common sources of error are misdiagnosis 
of corpus luteum cysts when the intrauterine pregnancy 
is not identified and pelvic inflammatory disease, both 
acute and chronic. While a definite diagnosis of ectopic 
pregnancy is difficult to make, ultrasound is often helpful 
in essentially excluding an ectopic pregnancy by identi- 
fying an intrauterine gestational sac. 
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Case Reports 


Successful Transcatheter Gelfoam Embolization of a Bleeding Cecal Vascular 
Ectasia 


KENNETH W. SNIDERMAN,' JORN FRANKLIN, JR..2 AND THOMAS A. SOS' 


Vascular ectasia (angiocysplasia) of the colon is one 
Cause of recurrent lower gastrointestinal hemorrhage. 
Although the lesion may be demonstrated angiographi- 
cally, a solitary point of extravasation is rarely seen To 
our knowledge, this is the first report of successful 
embolization of an angiographically demonstrated 
bleeding vascular ectasia of the cecum. 


Case Report 


A 64-year-old white female had persistent lower gastroiates- 
tinal hemorrhage and hepatitis. Since 1970, three episodes of 
bleeding had occurred; on the latest episode, she requ red 
multiple blood transfusions. Proctoscopy as well as stomach 
and small bowel barium studies were normal; a barium enema 
demonstrated sigmoid diverticula. She was admitted to a ocal 
hospital with transfusional hepatitis; several days later, lower 
gastrointestinal bleeding recurred, requiring 23 units of blood 
over the next 5 days. 

On transfer to our hospital, the patient was passing bright 
red blood per rectum; the hematocrit was 34.1. She was jaun- 
diced and had mild hepatomegaly, but no ascites. Total bilirubin 
was 15.3 mg/100 ml; alkaline phosphatase, 190 mU/ml; SEOT, 
545 mU/ml; serum albumin/globulin, 2.8/1.9; and normal pro- 
thrombin time and partial thromboplastin time. 

Angiography was performed on the first hospital day. Supe- 
rior mesenteric arteriography demonstrated extravasation of 
contrast medium from a small branch of the ileocolic artery into 
the cecum, evidence of active bleeding at this site (fig. 1A) The 
typical angiographic pattern of a vascular ectasia was identtied. 
After a 20 min infusion of vasopressin into the superior mesen- 
teric artery at 0.2 U/min, repeat superior mesenteric arteriog- 
raphy demonstrated cessation of bleeding. However, the typical 
pattern of the vascular ectasia remained. No further evidence of 
bleeding was noted clinically, and 36 hr later the infusior rate 
was decreased to 0.1 U/min; 3 hr later, the patient rebled. In 
view of the hepatitis, the patient was considered to be a poor 
surgical risk, at least for several weeks. For this reasom, al- 
though continuous vasopressin infusion temporarily controlled 
the bleeding, a more permanent form of hemostasis was chosen 
at this time. 

Repeat superior mesenteric arteriography again demon- 
strated the bleeding cecal vascular ectasia. The catheter was 
advanced under fluoroscopic control to within 2.5 cm cf the 
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lesion. and multiple small pledgets of Gelfoam (absorbable 
gelatin sponge) soaked in saline were slowly injected through 
the cetheter. Several control injections were reccrded on 105 
mm spot films during this procedure to be certain of the location 
of the emboli. Superior mesenteric arteriography after emboli- 
zatior»demonstrated occlusion of the artery to the ectasia, with 
no opacification of the ectasia (fig. 1B). The cecum remained 
vascularized via collaterals from the right colic artery. No 
angiographic evidence of bleeding was noted. Clinically, the 
patiert's hemorrhage stopped. Liver function tests improved 
and hematocrit remained stable. 

A localized resection of the terminal ileum and cecum was 
performed 47 days after embolization. The arteries to the speci- 
men were injected with a barium gel prior to fixation. Radio- 
graphs of the injected specimen (fig. 2A) demonstrated a vas- 
culer pattern identical to the postembolization arteriogram. 
Micrascopic examination of the resected specimen demon- 
strated partial recanalization of a small mesenteric artery (fig. 
2B) and multiple thrombosed small mural arteries. The Gelfoam 
was Wot identified, but macrophages were seen in some sec- 
tions. The vascular ectasia was not identified. 


Discussion 


Although many reports suggest the use of transcathe- 
ter embolization for upper gastrointestinal [1-3], renal 
[4], or pelvic [5] hemorrhage, there are few reports of 
embolization in the treatment of lower gastrointestinal 
hemorrhage [6-8] and no reports on embolization of 
bleeding colonic vascular ectasias. According to Boley 
et al. [9], these are acquired lesions. One possible cause 
is eccasia of the normal submucosal veins, as well as the 
mucosal arteriolar-capillary-venular unit, as a result of 
recusrent venous obstruction in the right colon over 
many years. 

Fa lure of vasopressin infusion to permanently control 
bleeding in colonic lesions is not unusual. In 1973, a 
cooperative study suggested that bleeding is controlled 
in about 90% of patients with right colonic hemorrhage 
who are treated with selective intraarterial infusions of 
vasopressin [10]; however, many of these patients re- 
bled One of us (K. Sniderman) has personally noted two 
further patients in whom selective vasopressin infusion 
failed to stop colonic diverticular hemorrhage. 
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Fig. 1.—A, First study. Superior mesenteric arteriogram, midarterial phase, showing extravasation into cecum (white arrow). Early draining vein is 
also seen (black arrow). B, Second study. Superior mesenteric arteriogram after embolization showing occlusion of artery to ectasia (arrow); ectasia 


does not opacify. 





The question arose whether to embolize distally or 
proximally; that is, at the level of the lesion or in the 
major artery leading to the lesion. Several authors [6-8] 
have embolized major arteries to obtain hemostasis by 
decreasing the forward head of pressure toward the 


Fig. 2.—A, Radiograph of resected cecum with arteries injected with 
barium gel. Artery to ectasia remains occluded (arrow); there is no 
opacification of ectasia. B, Photomicrograph of specimen showing 
partial recanalization of mesenteric artery to lesion. Macrophages were 
seen in some sections, evidence of foreign body reaction. No Gelfoam 
was found. 


lesion: further selectivity was unnecessary, for they 
wished to insure that collateral blood supply remained to 
the embolized segment of bowel. We elected to selec- 
tively embolize the small mesenteric artery feeding the 
lesion because our aim was obliteration of the ectasia as 
well aS prolonged hemostasis. We realized that a small 
segment of cecum might be infarcted, but considered 
this unlikely since extensive collaterals to the cecum 
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from the right colic artery were present. Moreover, the 
surgical approach for continued cecal hemorrhage and 
for cecal infarction is similar; a cecectomy would be 
necessary in either instance. 

A recent report suggests that untreated Gelfoam is not 
Suitable for “permanent” vascular occlusion [11]. In 
domestic swine, none of the occluding Gelfoam plugs 
were present 4 months after embolization, and recanali- 
zation of vessels was noted in all cases. Our patient 
supports these findings in humans, since only small 
mural thrombi remained 47 days after embolization. The 
Gelfoam was not found, the embolized artery was recan- 
alized, and macrophages were noted in the region, 
evidence of recent foreign body reaction. 

Pereiras et al. [12] suggest that Gelfoam treated with 
sodium tetradecyl sulfate (Sotradecol, Elkins-Sinn), a 
sclerosing agent, will cause a long-lasting occlusion of 
esophageal varices (up to 12 months in their series). It is 
reasonable to postulate that this may also be true in 
arterial embolization with treated Gelfoam. To date, no 
easily handled “permanent” embolus for arterial embo- 
lization has been introduced. 

No ectasia was recognized histologically. While the 
ectasia may have involuted, this is unlikely since exten- 
sive collaterals were present between the ileocolic and 
right colic arteries. Probably the ectasia was completely 
obliterated by the Gelfoam emboli. This would account 
for the lack of visualization on either the postemboliza- 
tion arteriogram or on the radiographs of the resected 
injected specimen. Clinical experience with cutaneous 
angiodysplasias supports this theory [13]. 

The use of silicone rubber injection of the surgical 
specimen, as has been recommended [9, 14], would 
probably not have aided us in the present context be- 
cause the vasculature to the ectasia was occluded. 
Presumably, no silicone rubber would have reached the 
lesion, just as no barium gel reached the lesion. In the 
cases of Baum et al. [14], the ectasia was always visual- 
ized in the radiographs of the specimens injected with 
radiopaque silicone rubber. It is possible that the ectasia 
was still present and was not located histologically. In 
the seven cases of Boley et al. [9] of angiographically 
proven ectasia studied histologically without the aid of 
either silicone rubber or barium gel injections, lesions 
could be identified in only two patients. 

Since the procedure was accomplished with ease and 
prolonged hemostasis was obtained, we recommend this 
procedure in colonic hemorrhage, especially in patients 
who are poor Surgical risks and are unresponsive to 


vasopressin infusion. Therapeutic embolization of co- 
lonic vascular ectasia may become an alternative to 
colonic sesection if permanent vascular occlusion can 
be achieved. 
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Aortoesophageal Fistula as a Complication of Aortic Prosthetic Graft 


E. Q. SEYMOUR’ 


Aortoenteric fistulas are a complication of vascular 
grafts. Typically they occur as a result of a false aneu- 
rysm at the proximal suture line or as a consequence of 
infection at the graft site [1, 2]. About 76% of aortoenteric 
fistulas occur at the third portion of the duodenum where 
the aorta and duodenum are in close apposition. A 
contiguous vascular graft is usually present [3]. An 
aortoenteric fistula in an unusual location is described. 
This fistula was secondary to an infected Dacron aortic 
graft and occurred immediately distal to the origin of the 
left subclavian artery. A review of the literature revealed 
no previously reported cases of aortoesophageal fistula 
at a graft site. 


Case Report 


Eighteen months before admission, a 22-year-old white male 
transected his thoracic aorta in a motorcycle accident, requiring 
an aortic graft. Readmission was prompted by leg pain. Physical 
examination initially revealed satisfactory pulsation in the lower 
extremities. An upper gastrointestinal series demonstrated a 
fistula between the esophagus and the aorta in the area of the 
previous graft. There were no signs of bleeding, although the 
hematocrit was 35 and the hemoglobin 11-12. The fistulous 
tract apparently opened into a false lumen adjacent to the aortic 
graft. However, by history, hematemesis and melena had oc- 
curred since the original graft procedure, suggesting intermit- 
tent communication with the lumen of the aorta probably closed 
by thrombus formation. 

Shortly after admission, the patient suddenly developed signs 
of an embolus to the left leg. Surgical exploration of the left 
femoral artery revealed a thromboembolus. PAS and Giemsa 
Stains of the specimen from the thromboembolus demonstrated 
Candida albicans and gram-positive cocci. Subsequent blood 
cultures grew the same organisms. Antibiotic therapy was 
begun in preparation for surgical replacement of the aortic graft 
which was the suspected site of origin of the septic embolus. 

A bypass graft was inserted and the previous graft resected. 
Bacteriologic cultures from the old graft grew Candida albicans 
and mixed bacteria. The procedure was difficult because of the 
close proximity of the old graft to the left subclavian artery. 
Seven days after surgery the patient began to bleed massively 
from the gastrointestinal tract and succumbed to an exsanguin- 
ating hemorrhage. Autopsy revaled a reestablishment of the 
previous aortoesophageal fistula at the site of granulation 
tissue. 


Discussion 


Aortoenteric fistulas have a grave prognosis; immedi- 
ate surgical intervention is usually indicated. Of patients 
who develop these fistulas, 60% die within the first 6 hr 
after onset of hemorrhage [3]. These fistulas rarely occur 
spontaneously and are commonly associated with an 
adjacent prosthetic graft. Postoperative fistulas develop 
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in 1%-5% of patients after vascular replacement surgery 
[4]. Fistulas are more likely to develop with a Teflon graft 
than with a Dacron prosthesis [2, 5]. The average time of 
onset of a fistula after an aortic graft procedure is 14.8 
months, but can occur immediately after Surgery or 
many years later [6]. 

The diagnosis of aortoenteric fistulas may be estab- 
lished by a barium study of the upper gastrointestinal 
tract [1, 5]. In this case, an aortoesophageal fistula was 
demonstrated with a coiled spring sign (fig. 1). Arteriog- 
raphy may show the fistula if active bleeding is present. 
In this case, arteriography failed to demonstrate the 
fistula. It has been recently suggested that endoscopy is 
a useful means of diagnosing aortoenteric fistulas [6]. 

An aortoenteric fistula should be considered in any 
patient with gastrointestinal bleeding who has a history 





Fig. 1.— Barium swallow demonstrating aortoesophageal fis- 
tula. Note coiled spring effect as barium outlines prosthetic 
Dacron graft segment. 
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of reconstructive vascular surgery adjacent to the gas- 
trointestina! tract. A warning bleed due to early erosion 
may precede a massive hemorrhage [5]. 
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Pseudoocclusion of a Superficial Temporal-Middle Cerebral Artery Bypass 


ARTHUR B. DUBLIN' AND DUANE C. RICHEY’ 


Microsurgical bypass procedures have gained increasing 
acceptance in cases of inoperable cerebral vascular 
occlusive disease [1]. Postoperative cerebral angiogra- 
phy is frequently performed for the evaluation of shunt 
patency [2]. The clinical and radiographic findings of the 
first reported case of pseudoocclusion of a superficial 
temporal-middle cerebral artery bypass are reported. 


Case Report 


A 62-year-old white male was admitted for evaluation of two 
recent episodes of left extremity paresis associated with right 
amaurosis fugax. The neurologic examination revealed a mild 
residual paresis of the left upper extremity. No carotid bruits 
were demonstrated by auscultation. Pre- and postcontrast CT 
scans were normal. Bilateral transfemoral carotid cerebral an- 
giography demonstrated complete extracranial occlusion of the 
right internal carotid artery, with cross-perfusion of the right 
cerebral hemisphere via the left carotid circulation (fig. 1). 

A superficial temporal-middle cerebral artery end-to-side by- 
pass was performed without complication. Two weeks after 
Surgery, repeat angiography (with the catheter tip in the main 
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trunk of the right external carotid artery) demonstrated occlu- 
sion of the anastomosis on the first series of films (fig. 2A). 
However, since this seemed unlikely in view of the postoperative 
improvement, the catheter was withdrawn into the right com- 
mon carotid artery, and a second injection was performed (fig. 
2B). This study demonstrated excellent flow through the bypass 
graft. The patient has done well 2 months after surgery, without 
recurrent neurologic deficits or symptoms. 


Discussion 


The primary value of superficial temporal-middle cer- 
ebral artery bypass grafts is prophylactic, preventing the 
progression of existing neurologic defects and the de- 
velopment of new ones [1, 3, 4]. Thus it is certainly 
appropriate to evaluate the postoperative patency of 
these grafts [2]. While Doppler evaluation of bypass 
patency has been used, the definitive study remains 
cerebral angiography [1]. 

Initially, some postoperative narrowing or spasm of 
the anastomosis may be present angiographically. At our 
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Fig. 1.—A, Right common carotid arteriogram, lateral view, arterial 
phase, showing complete occlusion of internal carotid artery (long 
arrow). Superficial temporal artery later used for bypass (short arrow) is 
demonstrated. B, Left common carotid arteriogram, anteroposterior 
arterial phase, showing excellent cross perfusion of right cerebral hemi- 
sphere from left carotid circulation. 
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Fig. 2.—A, Right external carotid arteriogram, lateral view, 6 sec after injection, showing lack of opacification distal to superficial 
temporal-middle cerebral artery anastomosis (arrow). B, Right common carotid arteriogram, lateral view, 2 sec after injection, showing 


excellent patency of graft on repeat injection (arrow). 


institution, it has been shown that this spasm usually 
subsides 1-2 weeks after surgery. The great majority of 
grafts preserve their patency (up to a 20 month average 
follow-up in one series) [1]. 

We hypothesize that the simulated occlusion of the 
bypass in our patient on the initial series of films may 
have been related to two factors: (1) the excellent perfu- 
sion of the affected cerebral hemisphere from contralat- 
eral sources, and (2) spasm of the external cerebral 
artery. Thus the iodinated contrast material may have 
been rapidly diluted at the site of the anastomosis by 
nonopacified blood from the contralateral hemisphere. 
This dilution could have been enhanced by decreased 
contrast flow due to catheter-induced spasm of the 
external carotid artery. Withdrawal of the catheter to the 
common carotid artery improved contrast flow, which 
then overcame the dilution factor of nonopacified blood. 

In summary, any bypass graft occlusion must be 
viewed with suspicion. In high grade or complete internal 
carotid arterial stenotic lesions, selective injection of the 


externel carotid circulation is unnecessary, and common 
carotid studies will help to prevent spasm artifacts. 
Prolonged filming sequences may also demonstrate de- 
layed flow through anastomosis. At our institution, an- 
giography is delayed until 2 weeks after surgery to avoid 
additiona artifacts caused by postsurgical spasm. 
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Coccygeal Ribs: Development and Appearance in Two Cases 


M. JOYCE PAIS,' ARNOLD LEVINE,? AND S. OSHER PAIS' 


Supernumerary ribs are occasionally demonstrated on 
radiographic studies and in most cases are easily recog- 
nizable anatomic curiosities. Most published cases have 
reported supernumerary ribs arising from cervical, lum- 
bar, or intrathoracic regions of the vertebral column, the 
latter representing a rare anomaly of the thorax [1-3]. 

The occurrence of sacrococcygeal ribs is an extremely 
rare developmental anomaly with only one case reported 
in the recent radiologic literature [4]. In that patient the 
anomalous rib arose from the last sacral vertebra. Stei- 
ner’s survey [5] of vertebral anomalies mentioned neither 
pelvic nor coccygeal ribs. Reports of sacral ribs were 
made by Dieulafé in 1933 [6], Irnberger in 1938 [7] and 
Halloran in 1960 [8]. Those described by Dieulafe and 
Irnberger may have represented first coccygeal costal 
transverse processes rather than definite ribs. 

We have observed two cases of unilateral well devel- 
oped coccygeal ribs noted as incidental findings. In one 
case the rib articulated with the lowermost coccygeal 
segment, an anomaly never previously reported. A study 
of the development of human ribs and vertabrae sug- 
gests that there is no embryologic basis to account for 
this occurrence. 


Case Reports 
Case 1 


T. M., a 55-year-old woman, was referred to the radiology de- 
partment for studies of the lumbar spine after a car accident and 
subsequent tenderness in the lower back. Physical examination 
was within normal limits, and no masses were palpable in the 
pelvic area. She had multiple previous childbirths which were 
uneventful. Radiography of the pelvis revealed a large anatomi- 
cally perfect rib arising near and appearing to articulate with 
the right terminal coccygeal segment (fig. 1). The rib possessed 
a well differentiated capitellum, tubercle, and body and ex- 
tended laterally and caudally, terminating in the gluteal region. 
lt was formed of both cortex and cancellous bone. There were 
five normal lumbar vertebral bodies and normal-appearing 
vertebral elements. The patient was apparently asymptomatic 
from any phenomenon which might be attributable to the pres- 
ence of the coccygeal rib. Thus resection was neither suggested 
nor performed. 


Case 2 


A middle-aged American Indian male was referred to the 
radiology department for barium enema examinations. The 
pertinent views demonstrated a small but rather normally differ- 
entiated rib originating from the right side of the sacrococcygeal 
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region and extending laterally and caudally (fig. 2). No symp- 
toms referable to this area could be elicited by either physical 
examination or history. 


Discussion 


The development of the mammalian vertebral column 
can be arbitrarily divided into three successive stages 
with considerable overlap: membranous, chondrogen- 
ous, and osteogenous. During the earliest membranous 
stage (4 weeks) a group of mesenchymal cells migrates 
toward the notochord, forming the anlage of the verte- 
bral column. This blastemal mass in the centrum is then 
converted to cartilage. The cartilage centers which were 
preformed in mesenchyme appear in the differentiated 
coccygeal somites at about 6 weeks (crown to rump, 11- 
13 mm). Chondrification then occurs in the blastemal 
masses destined to form the costal processes, neural 
arches, and ribs [9-11]. According to Reiter [12] chondri- 
fication occurs only in the costal anlage of the first 
coccygeal segment (there are at least eight). By the 
seventh week these costal elements become incorpo- 
rated into all but the dorsal vertebrae. Interruption at this 
stage might account for the full development of a coc- 
cygeal rib in our cases. The fact that the rib in case 1 
was in the lower coccygeal segment suggests that chon- 
drification also occurred in the costal anlage of the lower 
coccygeal segments, an event never before described. 

Rib cartilage first separates from the vertebrae at the 
time of ossification. The shaft of the rib forms by exten- 
sion of the primary ossification center; the secondary 
ossification centers of the head and tubercule occur 
after birth. Normally the heads and tubercles which 
appear early in the costal anlage of any other than 
thoracic vertebrae (e.g., the first and second lumbar) are 
lost by week 7 in both the cartilagenous centers and the 
mesenchyme. It is thus interesting that an anatomically 
complete rib developed in case 1 and almost so in case 
2. 

Complete extrathoracic ribs are most common in lower 
forms, particularly the crocodiles, alligators, and gravi- 
als, which are distinguished by possession of complete 
ribs from cervical region to tail. Most authors agree that 
all mammalian vertebrae have costal elements (exclud- 
ing the coccygeal vertebra below the first coccygeal 
segment) and associated rib anlage. These are most 
marked in the thoracic area and greatly reduced, modi- 
fied, or deleted elsewhere [9-11]. In the unusual cases 
presented here, the rib anlage apparently continued to 
develop rather than delete, thus accounting for the 
rather complete ribs persisting in the coccygeal area. 
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Our patients were ambulatory and no related func- 


tional or structural problems were associated with the i 
anomaly. Thus resection was neither suggested nor 
performed —a point to be stressed. 2. 
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Fig. 1.—Case 1. A, Anteroposte- 
rior film demonstrating anatomically 
perfect rib arising from last coccy- 
geal segment on right. B, Lateral 
view demonstrating position of rib in 
gluteal area. 


Fig. 2.—Case 2. A, Frontal film 
during barium enema study showing 
small but defined rib arising from 
coccyx. B, Lateral view demonstrat- 
ing position of rib in g uteal area. 
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Esophageal Atresia, Duodenal Atresia, and Gastric Distention: Report of Two Cases 


THOMAS A. McCOOK' AND ALVIN H. FELMAN' 


Esophageal atresia, an anomaly that occurs once in 
every 3,000-4,000 births, is usually associated with fis- 
tulae to the tracheobronchial tree [1]. Associated con- 
genital abnormalities affecting different organ systems 
occur 30%-70% of the time, with congenital heart dis- 
ease most common [2, 3]. Gastrointestinal lesions distal 
to. the esophagus are next in frequency, and duodenal 
obstruction has been reported in 3%-13% of patients 
with esophageal atresia [4-7]. 

We report two patients with combined esophageal and 
duodenal atresia without tracheoesophageal fistula. In 
both patients this resulted in massive fluid distention of 
the stomach, an abnormality previously reported in only 
one case [8]. In one patient the preoperative diagnosis 
was suspected clinically and confirmed by abdominal 
ultrasonography. 


Case Reports 


Case 1 


A 2,900 g white female infant (S. T. H. 16-16-54) was born 
with ascites and esophageal atresia. Radiography shortly after 
birth failed to demonstrate air beyond the atretic esophagus 
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(fig. #4). Abdominal paracentesis produced straw-colored fluid 
with sodium, 131 meq/liter; chlorine, 132 meq/liter: potassium, 
4.1 megliter: blood urea nitrogen, 12 mg/100 ml: creatinine, 
0.9 m3⁄^ 00 ml; total protein, 0; and specific gravity, 1.907. Air 
injected into the peritoneum outlined a large epigastrc mass 
(fig. 1B). An njection of 10 ml of Hypaque entered the perito- 
neum ard was excreted by normal-appearing kidneys. Esopha- 
geal anc duodenal atresia were confirmed at surgery, and the 
epigastr.c mass seen radiographically proved to be a massively 
dilated stomach filled with turbid fluid. The etiology of the 
ascites could not be determined. The child is alive and well after 
numerows surgical procedures including a colon interposition. 


Case 2 


A 2.000 g black female infant with Down syndrome (S. T. H. 
33-69-5£) was referred to the Shands Teaching Hospital at 12 hr 
of age because of esophageal atresia and an abdominal mass. 
Radicgraphy disclosed the presence of esophageal atresia with- 
out tracneoesophageal fistula (figs. 2A and 2B). Because of the 
palpable epigastric mass, ultrasonography of the abdomen was 
performed A large sonolucent fluid collection in the anatomic 
location of the stomach (figs. 2C and 2D) led to the preoperative 
diagrosis of esophageal and duodenal atresia and gastric 
dilatatiam. At surgery, esophageal and duodenal atresia were 


Fig. 1.—Case 1. A, Film showing massive ascites and 
absence of intestinal gas. Vertebral anomalies are present 
in lambar and sacral regions. There are 13 ribs on right 
anc 12.0n left. B, Film showing pneumoperitoneum outlin- 
ing large epigastric mass which proved to be dilated fluid- 
filled somach. 
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Fig. 2.—Case 2. A and B, Films showing catheter in esophageal pouch proximal to atresia. Absence of bowel gas excludes 
tracheoesophageal communication. C, Supine abdominal ultrasonogram showing sonolucent elongated stomach (S) about 4 


x 6 cm. D, Ultrasonogram in same position showing peristaltic wave. 


found in association with a massive fluid-filled stomach. The 
child survived the surgical procedure but developed necrotizing 
enterocolitis 2 weeks later and expired after surgery. 


Discussion 


When esophageal atresia occurs in the absence of 
tracheoesophageal fistula, the presence of a fairly com- 
monly associated duodenal abnormality cannot be rec- 
ognized on plain radiography. In our patients with com- 
bined esophageal and duodenal atresia, the stomach 
and proximal duodenum accumulated fluid and under- 
went massive dilatation. Ultrasonography in one patient 
(case 2) suggested the diagnosis preoperatively. The 
other child was seen before the availability of ultrasound, 
and the radiographic diagnosis was made only in retro- 
spect. The reason for the gastric dilatation is not estab- 
lished with certainty but most likely results from retained 
gastric secretions. We wish to reemphasize the associa- 
tion of duodenal and esophageal abnormalities and 
suggest the use of abdominal ultrasonography in pa- 
tients suspected of having combined esophageal and 
duodenal atresia. 


REFERENCES 


. Kirkpatrick JA, Wagner ML, Pilling GP: A complex of anom- 


alies associated with tracheo-esophageal fistula and esoph- 
ageal atresia. Am J Roentgenol! 95: 208-211, 1965 


. German JC, Majour GH, Woolley MM: Esophageal atresia 


and associated anomalies. J Pediatr Surg 2:299-306, 1976 


. Holder TM, Cloud DT, Lewis JE, Pilling GP: Esophageal 


atresia and tracheo-esophageal fistula: a survey of its mem- 
bers by the surgical section of the American Academy of 
Pediatrics. Pediatrics 34:542-549, 1964 


. Cumming WA: Esophageal atresia and tracheo-esophageal 


fistula. Radiol Clin North Am 13:277-295, 1975 


. Nixon NH, Tawes T: Etiology and treatment of small intes- 


tinal atresias: analysis of a series of 127 jejuno-ileal atresias 
and comparison with 62 duodenal atresias. Surgery 69:41- 
51, 1971 


. Girvan DP, Stephens CA: Congenital intrinsic duodenal 


obstruction: a twenty-year review of it’s surgical manage- 
ment and consequences. J Pediatr Surg 9: 833-839, 1974 


. Reid IS: The pattern of intrinsic duodenal obstructions. 


Aust NZ J Med 42:349-342, 1973 


. Crowe JE, Sumner TE: Combined esophageal and duodenal 


atresia without tracheoesophageal fistula: characteristic 
radiographic changes. Am J Roentgenol 130: 167-168, 1978 


Technical Notes 


Simple Device to Measure Patient Position on Portable Chest Radiographs 


THOMAS E. GALLANT ' PETER A. DIETRICH.' TAMOTSL SHINOZAKI,.2 AND ROBERT S. D. DEANE? 


Coronary and intensive care unit patients are at signifi- 
cant risk for the development of congestive heart failure. 
This condition is often clinically occult and masked by 
multiple other problems. Detection of early left heart 
failure and hypervolemia has important therapeutic and 
prognostic implications, especially in such situations. 
Redistribution of pulmonary blood flow is a cardinal sign 
of early interstitial pulmonary edema and is gravity de- 
pendent, requiring knowledge of patient position for 
reliable assessment [1-3]. Since such critically ill pa- 
tients are frequently encumbered by numerous tubes 
and monitoring devices, it is often impossible to perform 
their chest radiography upright or even at a consistent 
angle. An inclinometer was developed to measure pa- 
tient recumbency in such situations, affording an oppor- 
tunity to critically assess early vascular redistribution. 
Evaluation of other gravity-dependent factors, such as 
pleural effusions and azygos vein size, is also facilitated. 

The inclinometer was developed in conjunction with 
the University of Vermont Instrumentation Facility (avail- 
able through the Associates in Radiology, South Burling- 
ton, Vt.). It consists of a9 mm Lucite rod in which a left 
helical array of 10 holes 2 mm in diameter has been 
through-drilled, each at 10° relative to its neighbors so 
that the first and last holes are perpendicular to each 
other. A 1.5 mm lead ball is inserted into each and the 
unit sealed by fixing it within an appropriate length of 9 
mm inside-diameter Lucite tubing. A film plane reference 
is created by filing a flat surface into the tubing parallel 
to the first hole. This flat surface may then be glued onto 
a rectangular plastic card to provide a convenient base 
for taping to film cassettes (fig. 1). Film markers may be 
taped or glued directly to the card as well. 

When a horizontal film is obtained, only the first ball is 
at the bottom of its air column. With each 10° of eleva- 
tion, one additional ball drops in the inclinometer (fig. 
2). All balls project at the top of the cylinder in a 
Trendelenberg position. Up to 30° of cephalad or caudad 
tube angulation relative to the inclinometer does not 
affect its readings. 

For the past 18 months, all portable chest radiography 
has been performed with the indicator taped to the film 
cassette. Thus a permanent, easily readable indication 
of patient recumbency appears on each film. Use of the 
inclinometer is presently limited to chest radiography, 
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Fig 1.—Vermont inclinometer in horizontal positior. Note helical 
array of indicator columns. 





Fig. 2— Radiographs of inclinometer obtained sequentially at O° (A) 
30° (8). 60 (C), and 90° (D) demonstrating that one ball to right of first 
falls => bottom of its column for each 10° of elevation. 


but it could easily be used in other applications where 
knowledge of patient position is important for film inter- 
pretation. 
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Semierect and Erect Position in Percutaneous Transhepatic Cholangiography 


ROBERT F. LATSHAW' AND G. VICTOR ROHRER? 


Percutaneous transhepatic cholangiography using a 
Chiba “skinny” needle has proven to be a safe diagnostic 
procedure in the evaluation of intrahepatic and extrahe- 
patic cholestasis [1-4]. The skinny needle technique was 
originally described in 1974 by Okuda et al. [1] of the 
Chiba University Hospital, Japan, and has been modified 
by others [2, 3]. The use of the semierect and erect 
position in transhepatic cholangiography has been re- 
ported only twice [1, 5]. Ferrucci et al. [5] noted its 
importance in the face of obstruction. We feel the use of 
the erect position deserves emphasis and suggest its 
routine performance in the evaluation of obstructed 
biliary systems. 


Case Report 


A 37-year-old white male developed pruritus, scleral icterus, 
dark urine, and light colored stools 2 months before admission. 
There was no history of blood transfusions, injections, drug 
abuse, shellfish ingestion, or known contact with hepatitis. The 
total bilirubin was 4 mg/100 ml (normal, 0.1-1.2) and the 
hepatitis B surface antigen screen negative. A liver biopsy was 
interpreted as “viral hepatitis,” and the patient was followed 
with no improvement. Liver function tests 2 weeks before 
admission revealed a total bilirubin of 18.5 mg/100 ml; alkaline 
phosphatase, 92 U/liter (normal, 30-110); and SGPT, 117 U/liter 
(normal, 5-30). The patient had lost about 11 kg in 10 weeks 
and was referred to our institution. 

Ultrasound examination on the day of admission revealed 
dilated intrahepatic and extrahepatic bile ducts. Skinny needle 
percutaneous transhepatic cholangiography was performed on 
the second hospital day. Radiography in standard supine, 
prone, lateral, and oblique views demonstrated a dilated biliary 
system but poor definition at the point of obstruction (fig. 1A). 
Erect positioning (90°) improved distal opacification and 
showed an obstructed common bile duct at the level of the 
ampulla of Vater with nodular defects at the point of obstruction 
(fig. 1B). Endoscopy revealed a nodular, friable, bleeding lesion 
of the ampulla. Multiple biopsies showed adenocarcinoma of 
the ampulla of Vater. 


Discussion 


We have found that erect positioning has yielded 
additional diagnostic information in 13 of the last 15 
patients with obstructed ductal systems undergoing 
skinny needle transhepatic cholangiography. We have 
observed improved opacification at the site of obstruc- 
tion, visualization of previously unopacified structures 
(gallbladder and cystic duct), and more precise localiza- 
tion of the site of obstruction using the semierect or 
erect position. The procedure was routinely performed 
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using a technique similar to Pereiras et al. [2]. Semierect 
or erect views were performed on a standard tilting 
rad ographic-fluoroscopic table. 

In -he past, when an anterior approach and a larger 
sheathed needle were used, the significant morbidity 
necessitated a standby surgery suite. There was a justi- 
fiable fear that excessive patient movement might in- 
crease the risks of bile peritonitis and hemorrhage. 
However, with the advent of the Chiba skinny needle, 
morbid ty is low [1, 2] and the incidence of bile peritonitis 
minimal (0.64%) [1]. The use of the erect position in our 
patients has not been associated with untoward effects, 
such as hypotension, vasovagal attacks, or more seri- 
ously, hemorrhage or bile peritonitis. 

The supine position should theoretically be ideal for 
visualization of the distal duct, since anatomically the 
extrahepatic ductal system slants in an arcuate curve 
anteriorly to posteriorly from porta hepatis to papilla (6, 
7]. Unfortunately, the actual angle of the plane is shal- 
low, and distal opacification is not always mproved in 
the supine position. There is commonly stasis of viscous 
bile in the obstructed extrahepatic ducts as well as 
increased intraductal pressure. There may be poor mix- 
ing and poor flow of contrast medium distally in these 
ductal systems [4]. Kittredge and Baer [8] reported that 
insomssated bile in the common bile duct may lead in 
inaccurate proximal localization of an obstructing lesion 
and incistinct definition at the site of an obstruction. 
Using erect positioning, contrast material will displace 
static bile slowly, and distal visualization will be signifi- 
canty improved. 

A 2sob#ential benefit of the erect position may be the 
limitation of the amount of contrast materia! required. It 
has been demonstrated that the morbidity associated 
with thts procedure is higher in dilated biliary systems 
(1, <]. This is believed to be related to the elevated 
intraductal pressures. Therefore, most authors stress 
that xtreme care be taken to avoid overdistension of the 
biliary tree. The recommended method in dilated sys- 
tems is presently an equal volume exchange of contrast 
material for aspirated bile [1]. However, in our experi- 
ence and that of others [4], aspiration of bile through a 
Chiba needle may be difficult or impossible at times, 
even in obstructed systems. In these patients, morbidity 
may be minimized by reducing the total volume of 
contrast medium. We have found that use of the erect 
posi7ion allows limitation of the total quantity of contrast 
material to 20 ml or less and prevents the large volume 
exchanges which cause fluctuations in intraductal pres- 
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Fig. 1.—A, Left posterior oblique view showing intra- and extrahepatic biliary ductal dilitation and distal obstruction. Definition distally in common 
bile duct is hazy and indistinct, and there is false proximal localization of site of obstruction. B, Erect (90°) view demonstrating displacement of 
stagnant bile in distal common bile duct by contrast material. Visualization is significantly improved. Point of obstruction is accurately localized at 


ampulla of Vater and nodularity is apparent. Duodenum is now visualized and there is bile-contrast level in gallbladder. 


sures, prolong the study, and increase the amount of 
time that the needle is within the hepatic parenchyma. 


needle transhepatic cholangiography: a new approach to 
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Special Report: 


American College of Radiology Diagnostic Efficacy Studies 


JOHN W. LOOP' AND LEE B. LUSTED* 


Questions about costs and benefits of radiologic diagnostic 
methods have lead to the formation of a standing American 
College of Radiology Committee on Efficacy. In the past 
several years this committee has defined a hierarchy of 
efficacies associated with radiographic procedures and de- 
veloped methods for assigning a numerical value to diagnos- 
tic efficacy. A national study of common x-ray examinations in 
the emergency setting has been conducted. These studies 
suggest that diagnostic thinking of clinicians was influenced 
by the results of the x-ray procedures they requested in more 
than 92% of cases. Medicolegal considerations were a prime 
concern of the clinician only 6% of the time overall when 
selecting the most frequent radiologic procedures conducted 
in hospitals. Considerable uncertainty about clinical diag- 
noses was typically present at the time radiologic examina- 
tions were requested; three-fourths of the time the most 
important diagnosis under consideration was judged to be 
less likely after x-ray examination than before. About one- 
eighth of the time the radiographic information focused atten- 
tion on a new “most important’ diagnosis. The committee 
plans further studies to include other imaging modalities and 
practice settings. 


The enthusiastic endorsement of computed tomography 
by radiologists has heightened the problem of cost 
justification for medical diagnostic technology in partic- 
ular and for health care in general. The issue is not new, 
however. A decade ago physicians were advised that 
public policy would soon require them to carefully con- 
sider the “economic as well as medical consequences of 
their decisions” [1]. They were enjoined to resist the 
“technological imperative," the practice of providing the 
best care technically possible, regardless of cost. Just 
how an economic imperative could be ethically substi- 
tuted for a technical one has since been a subject of 
concern, with more questions raised than answered. 
Cost justification from the radiologist’s prospective 
requires that two separate questions be resolved: (1) Are 
radiological examinations conducted in a cost efficient 
manner? and (2) Are patients selected prudently for 
radiologic procedures? Most radiologists will feel more 
comfortable answering the first question than the sec- 
ond. For various reasons, it has not been their practice 
to second-guess the physician who refers patients to 
them. At the least, they have believed, such a practice 
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could become very demanding of their time, and thus 
expersive, while conferring uncertain benefits to the 
patient. 

Assuming the economics of health care compel a more 
exact ng selection of patients for radiologic examina- 
tions. who ought to make the selection? What should be 
the selection criteria? What will the implications be for 
radio ogic practice and radiologic training? These and 
related questions were the background for the decision 
of the American College of Radiology to undertake a 
long “erm study of radiologic efficacy. 

In 7971 an Efficacy Studies Committee chaired by Lee 
B. Lusted was authorized by the chancellors of the 
American College of Radiology. This committee was 
instructed to formulate reports and recommendations to 
the college and its membership for guidance in the 
efficecious use of radiology in medical diagnosis. 

Some important background work had already been 
carried out by Bell and Loop [2], who had investigated 
the question of cost effectiveness of plain skull radiog- 
raphy for trauma. Their main conclusion was that in the 
absence of certain key signs or symptoms, the clinician 
hac little to gain diagnostically from subjecting his pa- 
tient to skull x-ray examination, and the patient had even 
less prospect of therapeutic benefit. Lusted had already 
addressed similar issues at a theoretical level [3, 4]. 


Planning 


Th2 committee began to meet regularly to formulate a 
plan to accomplish the following: to refine the definition 
of efficacy; to develop a method of measuring efficacy; 
and `o study the efficacy of procedures used in diagnos- 
tic rediology. To practically define efficacy proved not a 
simple task. One indicator of the effectiveness of a 
diagnostic test is its yield, that is, the proportion of 
abncrmal to normal examinations. Yield does not fully 
express efficacy, however, since diagnostic information 
has a different value for different diseases (e.g., for those 
which can be cured by treatment compared to those 
which cannot). Further, negative examinations may not 
be counted as yield, yet a negative examination can 
prevent unnecessary diagnostic studies or treatment. It 
can also contribute to differentiating among diseases 
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which are typically associated with negative radiographic 
results in different frequencies [5]. 

The fullest and most long-range expression of efficacy 
ought to include some measure of the influence of the 
examination on the final outcome of the episode of ill 
health. The efficacy concept could even be broadened to 
express the costs and benefits of the procedure to other 
persons such as the patient's relatives, employer, health 
care providers, health cost underwriter, or attorney. 

Abstractly, statistical decision theory offers a frame- 
work for the definition of efficacy. A decision maker is 
involved who must make choices in the face of uncer- 
tainty. Theory guides this decision maker, typically a 
physician in clinical situations, to assign some numerical 
probability for the presence of each diagnosis which is 
Suggested by all the evidence available at the time. A 
value judgment can then be attached to every scenario 
that can be expressed as a consequence of alternative 
treatment plans. The costs and risks of any therapy (or 
no therapy) must be balanced against the costs and risks 
of applying that therapy for an incorrect diagnosis. A 
trade-off can be conceived of between the cost of gain- 
ing more diagnostic certainty and the consequences of 
inappropriate treatment. Maximum utility is achieved at 
a balance point between these costs and risks. 

A formal system of mathematical analysis exists for 
examining decisions of this type [6, 7]. The practicality 
of applying such formulations to the clinician in a busy 
practice needed to be tested. Such a practical test was 
carried out at the University of Michigan in 1972 and 
1973 [8, 9], in cooperation with the American College of 
Radiology Efficacy Committee. 

This team was interested in the clinical decision back- 
ground of intravenous urography. Their original aim was 
to measure, if possible, the most comprehensive expres- 
sion of efficacy in its theoretic framework: Was the 
patient better off as a result of the procedure having 
been performed? This level of efficacy, outcome efficacy 
(or E-3), proved not to be measurable within the limita- 
tions of their study. It would have required long term 
evaluation of randomized groups of patients, since alter- 
native therapies would have to be included. 

A more limited approach to efficacy measurement 
could be contemplated based on the degree to which 
clinical management was influenced by the intravenous 
urogram. Such a measurement of therapy planning effi- 
cacy was termed therapeutic efficacy (E-2). The Ann 
Arbor investigators [8, 9] were not able to overcome the 
difficulties associated with practical expression of this 
utility. Clinicians balked at the prospect of formulating a 
treatment plan for a patient with, say, hematuria, who 
had not had a urographic contrast study. This experience 
resulted in the deferral by the American College of 
Radiology Efficacy Committee of attempts to measure 
efficacy at this level. 

The approach finally selected for the pretest empha- 
sized the influence of the radiographic information on 
the diagnostic thinking of the clinician. This level of 
efficacy, termed diagnostic efficacy (E-1), is less compre- 


hensive than either E-2 or E-3 but has the advantage of 
pinpointing the contribution of the radiology procedure 
most sharply and soonest after its performance. Clini- 
cians were required to formulate a differential diagnosis 
and assess in numerical terms the probability that each 
disease under consideration was present. This the clini- 
cians were able to do with reasonable fidelity after 
preliminary instruction. 

The analytic technique employed in the Michigan pre- 
test (and in later studies) for measuring E-1 required that 
the probability of diagnosis be estimated both before 
and after radiographic results were known. These esti- 
mates could take the form of either percentage probabil- 
ity or odds. In the form of odds, the initial odds (IO) fora 
diagnosis multiplied by a measure of relevant radiologic 
information yields final odds (FO) for this diagnosis. 
Transposing, FO/IO = measure of radiographic infor- 
mation = likelihood ratio. This latter expression is a form 
of Bayes's theorum, a venerable rule in probability theory 
[9]. 

Radiologic information is thus shown to be equivalent 
to the ratio of final to initial odds, also termed the 
likelihood ratio. The numerical value of this ratio can be 
either larger or smaller than unity depending on the 
influence of the information on final odds. Only where 
the final and initial odds are identical is the likelihood 
ratio equal to one. 

It is convenient to convert these ratios to their loga- 
rithms. In this form radiographic procedures which are 
irrelevant to the diagnosis of concern have an informa- 
tion value of zero. All which contribute have a nonzero 
value. The committee decided to ignore some of the E-1 
which could be detected by limiting numerical efficacy 
estimates to only two of all the diagnoses that might 
conceivably be present in each case: the most likely 
diagnosis and the most important (e.g., threatening) 
diagnosis. In information theory jargon, this limitation 
would be termed "pruning the decision tree.” 

The committee further proposed to gather enough 
information about each case studied to convince itself 
that the diagnostic estimates were plausable and to 
determine how well signs and symptoms alone might 
substitute for clinical judgments. It also wanted to design 
a study in which utilities for someone other than the 
patient could be expressed. 

The committee was committed to investigate the most 
economically significant x-ray procedures. As expected, 
those proved to be the most commonly performed ex- 
aminations: chest, extremities, lumbar spine, cervical 
spine, abdomen, skull, and excretory urogram. Together 
these procedures represent about 90% of the volume of 
hospital x-ray examinations in the United States. In order 
to accommodate collection of data, distinctive question- 
naires were developed for each type of radiographic 
procedure which displayed a checklist of signs and 
symptoms frequently expected when the procedure was 
requested (fig. 1). These plans together with a detailed 
proposal for conducting definitive testing were devel- 
oped through a contract between the American College 
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of Radiology and the Health Services and Mental Health 
Administration, DHEW, which ran from June 1972 until a 
final report in May 1974 [10]. 


A Nationwide Test 


The Michigan pretest had suggested the limits of 
cooperation which could be expected from busy clini- 
cians in supplying written numerical probability esti- 
mates for tentative diagnoses. It also helped shape the 
sampling strategy eventually employed for the national 
study. An administrative structure was established with 
headquarters at the Chicago office of the American 
College of Radiology. The organization extended 
through regional and local radiologic leadership to co- 
operating clinicians. 

Training methods and materials, developed under aus- 
pices of the central project management, flowed out 
through this structure, and subsequently data concern- 
ing sample cases moved in the opposite direction. Re- 
cruiting relied heavily on personal friendships and estab- 
lished referral patterns, rather than following a more 
traditional probability sampling scheme. The sampling 
was not haphazard, however. Conscious attempts were 
made to spread the data base geographically and by 
practice style. Thus 48 hospitals in 21 states were sam- 
pled, including a mix of large and small and teaching 
and nonteaching institutions. 

Because resources were limited, the initial national 
study focused on the hospital emergency room and its 
clientele. The belief was that since radiologic results are 
usually available promptly in this setting, their effect 
would be minimally diluted by changes in diagnostic 
certainly caused by other information or the passage of 
time. 

From one to eight clinicians participated in each hos- 
pital, and they contributed a median of 14 randomly 
selected cases of one or more x-ray procedure types. 
The final data base included 8,658 cases (table 1). While 
the methodology employed in the national study has 
been reported [11, 12], a few highlights are of interest 
here. 

The study was designed to protect the confidentiality 
of information while preserving at the local level the 
ability to recover and review case records in follow-up 
studies. In each case the radiologist’s diagnosis was 
accepted as final for purposes of the study. Selected 
chart review has very rarely shown contradiction of this 
diagnosis. 

The information collected on the questionnaire (fig. 1) 
for each procedure included a checklist of clinically 
pertinent signs and symptoms. The clinician was free to 
and was encouraged to enter other historic (as reported) 
or objective (as found) cata of possible interest. Utilities 
other than the patient’s health could also be recorded on 
the collection form. Of interest here was the influence, if 
any, of patient’s health insurance status. Medical, legal, 
or research imterests of primary importance could be 
identified as well and related to efficacy. Rationales for 
the procedure other than establishing a diagnosis could 
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simitari» be recorded (e.g., to locate a foreign body 
known to be present). 


Findings 


A report which contains the analysis of results and 
conclusions of the initial study through May 1977 is 
available from the American College of Radiology (20 
North Wacker Drive, Chicago, IL 60606; $10). Further 
reports are planned since these data represent the larg- 
est sincle collection of numerical probability estimates 
ever assembled in a medical application. 

Some highlights of this initial study were presented as 
an exh bit at the annual meeting of the Radiological 
Society of North America, Chicago, November 1977. 
While further refinement of numerical estimates can be 
predicted, several general conclusions are now well 
established: (1) the influence of x-ray examinations on 
clinicians diagnostic thinking can be measured; (2) med- 
icolega reasons were cited only about 6% of the time as 
the prime reason for requesting x-ray examinations; (3) 
x-ray examination had an impact on diagnostic thinking 
in as many as 92% of situations; (4) diagnostic uncer- 
tainty at the time of x-ray request was substential; (5) the 
radiolegic examination reassured the physician; and (6) 
results for different procedures and training levels were 
simi ar. 

It is teasible to measure the influence of x-ray infor- 
matior on the diagnostic thinking of physicians. This 
conclusion is supported by the internal consistency of 
the case data and by other findings of the study. Clini- 
cians in the emergency room gave a gooc account of 
their diagnostic thinking. Numerical probability esti- 
mates appear to be superior to such terms as highly 
likely, very likely, moderately likely . . . highly unlikely, in 
princip e and in this type of application. However, 9% of 
the questionnaires had to be rejected for various rea- 
sons, and some physicians would not cooperate on this 
type of sampling. 

The vast majority of the x-ray procedures studied 
produced information which influenced diagnostic 
thinxing. Overall not more than 8% of examinations 
seemingly had no influence in changing probability as- 
sessments for the most important and most likely diag- 
noses or in requiring formulation of new diagnoses. 
Refined analysis suggests that the actual figure may be 


Last Name First Name Patient I. D. (if known) 


Date of Birth (estimate if necessary) Sex Case Number 


AMERICAN COLLEGE OF RADIOLOGY - EFFICACY STUDY: ABDOMEN -EMERGENCY 


PART I (TO BE COMPLETED BY CLINICIAN BEFORE RADIOLOGIC PROCEDURE) 
(See CLINICIAN'S HANDBOOK for guidance in completing this form. ) 


A. Clinical Data: For each entry check one box only. (Y-Yes, N-No, ?-Equivocal, ND-Not Determined) 


WAS REPORTED WAS FOUND 


Recent Trauma Physical Evidence of Injury 





Indigestion 

Abdominal Pain 

Nausea or Vomiting 
Change in Bowel Habits 
Hematemesis or Melena 
Fever or Chills 


Abnormal Urination 


Abnormal Menstruation 


Abdominal Tenderness 
Spasm or Guarding 
Mass 

Enlarged Organ 


Jaundice 


Distention or Abnormal 
Bowel Sounds 


Evidence of Alcoholism 


Abnormal Urinalysis 





Other Previous Abdominal Surgery 
(Specify) 
Other 
(Specify) 
B. What is your patient's one PROBLEM that causes you to request this examination? 
Code: 











C 1) For the problem in B, state the most important prospective radiographically-relevant DIAGNOSIS 
which prompts this procedure. Code: 





2) ` What are your odds or probability estimate that the diagnosis in "C-1" will prove correct? 


D; 1) For the problem in B, state the most likely prospective radiographically-relevant DIAGNOSIS 


('normal" may be used) which prompts this procedure (only if different than the diagnosis in C). 
Code: 





2) What are your odds or probability that the diagnosis in "D-1" will prove correct? 


E; What is the one major reason for this procedure? (Check one box only) 


C] Prove part normal [ ] Confirm no change [C] Institutional policy 
[C] Confirm diagnosis C] Show change in disease or healing L] Teaching or research 
a Investigate diffuse suspicions[ ] Assess length, position, etc. C] Medical -legal 
[_] oter 

F. Are you presently aware of patient's medical insurance status? 
C] Not Aware Believe patient is: Insured E Not Insured [] 


Your Name and/or ACR I.D. Number Date Filled Out 
(Please Print) 


RETURN TO RADIOLOGY AFTER COMPLETING PART II 
A NOT A PART OF MEDICAL RECORD 2/175 


Fig. 1A.—Front page of typical questionnaire. These data were supplied by clinician before x-ray procedure. 


PART II TO BE COMPLETED BY CLINICIAN AS SOON AS RADIOLOGIC RESULTS ARE KNOWN 
Knowing the X-ray findings, now estimate the odds o” probability that the: 


1) "most important" diagnosis stated in 'C-1" of Part I is correct 


2) "most likely" diagnosis stated in "D-1", if any, >f Part I is correct 


Enter below any NEW diagnoses based on radiologica findings? 
1) most important new diagnosis 


2) most likely new diagnosis (include normal) 
s a I EEE EEEEEEEI SES 


Your Name and/or ACR I. D. Nurm ber Date Filled Out 
(Please Print) 


SIGNIFICANT RADIGLOGIC FINDINGS (To be filled out by radiologist or referring physician): 





TO BE COMPLETED B7 RADIOLOGY 


RADIOLOGIC PROCEDURE CODE: 








RADIOLOGIC DIAGNOSES CODES Dx1 2 Dx2 i 
Dx3 
m O M l a a 
SETTING (check one) [] Screening [C] Inpatient 


[C] Emergency C] Outpatient 


RETURN TO Dr. IN RADIOLOGY AFTER COMPLETING PART II 





B NOT A PART OF MEDICAL RECORD 


Fig. 1B.— Reverse side of questionnaire. Questions were answered by clin ziar and local radiologist after x-ray results were available. 
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less than 5%. This contradicts the widespread belief that 
radiographic procedures are often carried out without 
yield, at least in the emergency setting. Cases with no 
difference in initial and final odds ranged from 13.1% of 
1,039 skull examinations to 3.8% in 1,985 extremity 
examinations. If cases in which the initial probabilities 
are very long (e.g., 50:1 for or against) are disregarded, 
the percentage of valueless procedures is reduced. 

At the time radiologic examination is requested, the 
tentative most important diagnosis is substantially un- 
certain. Only in one case in five is this diagnosis thought 
more likely than not to be present. The initial odds for 
the most important but relatively remote diagnosis were 
especially low in skull and cervical and lumbar spine, 
less so in chest, abdomen, and extremities, and least in 
excretory urography. 

In about three-fourths of examinations the clinicians 
final probability for the tentative most important diagno- 
sis was lower than his initial probability. Some differ- 
ences in this trend were noted among procedures, but 
these were not striking. As might be predicted, radio- 
graphs are often used in the emergency setting to “rule 
out’ dangerous conditions. 

Clinicians express less uncertainty concerning their 
tentative most important diagnosis after x-ray examina- 
tion than before. Judging from final odds, substantial 
uncertainty about final diagnosis persists even though 
the effect of x-ray information substantially reduces the 
degree of doubt. 

Medicolegal reasons were cited in only about 6% of 
cases as the prime reasons for requesting x-ray exami- 
nations. Even in these cases diagnostic efficacy could 
be detected, but the apparent influence of radiographic 
information on diagnostic thinking was less than in other 
cases. Medicolegal reasons were cited as the primary 
reason for cervical spine, skull, and lumbar spine exam- 
inations in 19.4%, 14.3%, and 8.9% of cases, respec- 
tively. Least frequently cited was abdomen (1.5%). 

In about 16% of cases, radiographic information led to 
a change of the initial most important or most likely 
diagnosis in favor of a new diagnosis. Relatively few of 
these seem to represent genuinely serendipitous find- 
ings. 

The influence of x-ray information on diagnostic think- 
ing was broadly similar for interns, resident physicians 
in training, and practicing physicians. Most other char- 
acteristics, such as the distribution of initial probabilities 
for diagnoses and the distribution across procedures, 
were similar for the three groups. This same conclusion 
holds for final probabilities. 

There is a strong relationship between the clinician's 
initial probability and the subsequent fraction of positive 
diagnoses, whether the latter is measured by the clini- 
cian's final probabilities or by the radiologist's film inter- 
pretations. The calibration is imperfect, however. On the 
average, fewer positive diagnoses are reached than 
would have been expected from the initial probabilities. 
This tendency to overassessment is most constant and 
severe for suspected skull and cervical spine fracture, 


less so for other frequently cited diagnoses such as 
pneumonia or bowel obstruction. 

The tentative findings for emergency room practice do 
not indicate that paramedical personnel guided by a 
handbook or a computer program of signs and symp- 
toms would be an acceptable substitute, in general, for 
the judgment of the clinician who requests the x-ray 
examination. However, guidelines presented as tables 
and graphs relating patient signs and symptoms to initial 
odds or probabilities for disease could help clinicians 
and paramedics working under clinical supervision. The 
information to be expected from a particular x-ray ex- 
amination then could be related to the diagnosis. Such 
guidelines are not available to emergency room physi- 
cians at present in any comprehensive form to our 
knowledge. 


Discussion 


These efforts are viewed as largely preliminary and do 
not pretend to be a defense of the status quo. But some 
level of practice which is both economically and techni- 
cally acceptable to all parties does exist and needs to be 
identified. Who is responsible to identify this level? We 
have been reminded again recently that the alternative to 
physicians facing up to tough allocations will be explicit 
rationing of services based on administrative priorities 
which limit physician discreticn [13]. 

These studies indicate that radiologists at least are 
prepared to face up to these problems. The whole 
question of radiologic cost-benefit has now joined the 
traditional scientific topics in our national forums and 
journals. We see this as a sign of vigor and health in the 
profession, fulfilling the best hopes expressed by Bell 
and Loop [2] in their pioneering paper. 

The American College of Radiology Efficacy Commit- 
tee claims no special insights as it has developed and 
applied the methodology briefly described above. The 
committee is prepared to embrace new methods should 
these prove to be superior. The hope is that future 
efficacy studies can proceed in concert, so that pitfalls 
avoided by one can be circumvented by all, and that 
results can be pooled effectively for common benefit. 
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American Roentgen Ray Society 79th Annual Meeting 
March 25-30, 1979, Sheraton Centre, Toronto, Canada 


Registration 


Forms for advance registration will be provided in the 
October and November issues of the Journal. Society 
members will receive registration forms by mail in early 
fall 1978. 


Hotel Reservations 


Forms enabling advance arrangements for hotel accom- 
modations will appear in the October and November 
issues of AJR with a list of hotels and their locations 
relative to the Sheraton Centre. The Sheraton Centre 
will act as the housing bureau. 


Scientific Program 


Abstracts of papers to be considered for the program 
must reach Society President, Paul A. Riemenschneider., 
by September 10. Forms on which to submit the ab- 
Stracts and other instructions are available from Society 
Secretary, James Martin, Bowman Gray School of Medi- 
cine, 300 South Hawthorne Road, Winston-Salem, North 
Carolina 27103. These forms will be mailed to all Society 
members. The Program Committee will select papers for 
the program on September 30 and notify authors imme- 
diately. Abstracts should be sent to Paul A. Riemen- 
schneider, Santa Barbara Cottage Hospital, P. O. Box 
689, Santa Barbara, California 93108. 


Refresher Course Program 


The familiar pink advance registration forms for instruc- 
tional course registration will be in the October and 
November AJR issues. Early registration will be an ad- 
vantage in assuring preferred courses in this always 
popular program that will be directed by Eugene Ged- 
gaudas. 


Scientific Exhibits 


Proposals for scientific exhibits must reach the Chair- 
man of Exhibits, Byron G. Brogdon by September 10. 
Forms on which to describe exhibits can be obtained 
from Society Secretary, James Martin, Bowman Gray 
School of Medicine, 300 South Hawthorne Road, Win- 
ston-Salem, North Carolina 27103. Exhibit forms should 
be sent to: B. G. Brogdon, Department of Radiology, 
University of South Alabama, 2451 Fillingim Street, Mo- 
bile, Alabama 36617. 


Spouses’ Program 


A program of sight-seeing, shopping, and entertainment 
will be developed by Local Arrangements Chairman. 
Bernard Reilly. Forms for advance registration will be in 
the October and November AJR issues. 
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Tennis and Golf 


The popular Willis F. Manges Golf Tournament will be 
deferred because of the unavailability of courses in 
Toronto in March. However, an indoor tennis tourna- 
ment is planned. Information will appear in the October 
and November issues. 


President's Award Paper 


The Society offers a prize of $1,000 as the President's 
Award for the best scientific paper prepared by a resident 
in radiology for presentation at the annual meeting. 
Papers should be submitted to the Society Secretary, 
James Martin, by December 31 for consideration in this 
competition. 


Associated Society Meetings 
Society for Pediatric Radiology 


The Society for Pediatric Radiology will meet at the 
Sheraton Centre on March 24 and 25. A joint session 
with the American Roentgen Ray Society will be Monday, 
March 26. The general program for the Society for 
Pediatric Radiology and the scientific program for the 
open meeting will be published in the March issue of 
AJR. Society President is John Dorst, Department of 
Radiology, Johns Hopkins, Baltimore, Maryland 21205. 
The president-elect is Bernard J. Reilly, 555 University 
Avenue, Toronto, Ontario, Canada. 


Society for Photo-Optical Instrumentation Engineers 


SPIE will meet March 25 and 26 at the Sheraton Centre 
with a program titled Medicine VIII. A joint program with 
the American Roentgen Ray Society is scheduled for 
Tuesday, March 27. The general program for SPIE and 
the scientific program of the open meeting will appear in 
the February and March AJR issues. President of SPIE is 
Joseph Houston, Sunnyvale, California. Inquiries should 
be directed to SPIE Executive Director, Joseph Yaver. 
P.O. Box 10, Bellingham, Washington 98225. 


American Thermographic Society 


This society will meet at the Sheraton Centre, March 30- 
April 1. The general program will be in the February and 
March issues. American Thermographic Society Presi- 
dent is Barbara Treatt, 2384 Dundee, Ann Arbor, Michi- 
gan 48103. 


Deadlines 


Abstracts of papers: September 10 
Scientific exhibits: September 10 
President's Award paper: December 31 


From Earlier Pages... 


In a surprisingly short interval after the discovery of x- 
rays, many of the important applications of the new 
science were found. A number of these applications 
have been modified only in small refinements since then, 
while others have changed more significantly. 

For example, one of the minor inconveniences of air 
travel today is the need for x-ray examination of items 
carried aboard the plane. This becomes more than irri- 
tating if the traveler is carrying photographic film. In 
addition, baggage handled in the luggage compartment 
is also subjected to x-ray examination. This use of 
radiation is not an innovation. In the London Globe of 
July 16, 1897 [1], appears the statement that the French 
customs officers were using the new Roentgen rays to 
detect contraband articles. This practice had been sug- 
gested by even earlier successful examination of the 
interior of bombs. The Globe correspondent correctly 
points out that valuable and frequently smuggled articles 
such as lace, cigarettes, and cigars would not be suscep- 
tible to discovery. 

Examination of welds in metal by x-ray to show weak- 
nesses and improper joints has been carried out for 
many years. The phrase ‘many years” can be refined: it 
should be exactly 81 years. The method was used in 
1897, and was reported by W. S. Hedley [2], then editor 
of the Archives of the Roentgen Ray. In addition he 
described the use of x-rays “in distinguishing real gems 
from artificial ones, to discover the fraudulent introduc- 
tion of mineral substances into textile fabrics to increase 
their weight; . . . to test insulation in the construction of 
cables...” 

The recording of images on paper rather than on glass 
plates and film has undergone intermittent florescence. 
It was first suggested in a journal on electricity in 1897 
[3]; and Eastman Kodak advertised x-ray paper in 1897 
[4], but it was not popular. During World War II, when 
the armed services preempted much of the film produc- 
tion of the manufacturers and when raw material for 
plastic film was difficult to procure, civilian radiologists 
were forced to use paper for some studies. In the interest 
of economy, paper had also been used in machines for 
screening for pulmonary tuberculosis before chemother- 
apy obviated the need for this type of examination ona 
wide basis. Land's developments have reintroduced the 
use of paper in some applications where time and con- 
venience are considerations. 

Occasionally the suggested uses were dangerous or 
frivolous. Fluoroscopy in shoe fitting, for example, has 
fortunately long been banned. Another short-lived epi- 
sode was really tilting at windmills, since it was directed 
toward an implied and unreal threat. On February 26, 
1896, Assemblyman Reed introduced in the New Jersey 
House of Representatives a bill prohibiting the use of x- 
rays in opera glasses in theaters, apparently in the 
interests of modesty [5]. 
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A much more significant story concerns cinematogra- 
phy. In the same way as the motor car has become 
almost indispensible in city living, it may be difficult to 
imagine a world without moving pictures (not to mention 
television!). At one time there were none. Experimenta- 
tion anc developmental work on motion pictures began 
soon after the invention of photography, and the growth 
of method and machinery for making and projecting 
motion pictures progressed slowly. Edison's first com- 
mercially successful Kinetescope was used in 1894 [6]. 
The frst x-ray motion picture, a cineroentgenographic 
study o* the movements of the “joints and sockets in a 
frog’’ was presented 3 years later by John Macintyre in 
1897 to the Glasgow Philosophical Society and to the 
Roya Society of London [7]. The film segment was 12.2 
m lorg. Although the width of the film was nct specified, 
Ediscn used film 35 mm wide, today’s standard [6]. 

Liss of “firsts” in the early years of our science have 
been published [4] and many of these uses are still 
current. Contrast medium was used to show the lumen 
of a hollow viscus by introducing mercury into a holiow 
soft ~ubber sound in the esophagus in 1897 [8]. An 
arteriogram of an anatomic preparation of the hand and 
wrist wes published in 1897 [9]. The third party put his 
foot in the door (or interposed it between the patient and 
radiolocist) in Germany with the establishment of the 
State Institution for carrying out roentgenolagical inves- 
tigatiors in 1897 [10]. One “first” which has been culled 
from earlier pages has largely fallen into disuse. In 1898 
in the first volume of the Fortschritte there appeared an 
illustration of the knee [9]. It was printed upside down. 


E. Frederick Lang 
Harper Hospital 
Detroit, Micnigan 48201 
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Letters 





The Clean Colon: Whose Responsibility? 


Editor's note.—The Journal erred in failing to solicit a re- 


sponse from Roscoe Miller when the letter from Leonard Berlin. 


(AJR 130:403, 1978) was received. We present further discus- 
sion of the issue. 


In his letter [1], Berlin completely misunderstood the thrust of 
two articles he cites [2, 3]. He implies by citing my articles that | 
Suggested the responsibility for achieving a clean colon be 
taken away from the patient. Neither | nor others [4] implied or 
suggested that this be done. Careful reading of our articles will 
show that we intimately involve the patient in this process. The 
preparation is dictated by the radiology department, and, “to 
help insure compliance, all patients are given written instruc- 
tions and an explanation of the entire procedure.” [3]. This 
instruction booklet was written by the radiology department. 
We take the responsibility for seeing that both inpatients and 
outpatients are instructed properly. The thrust of these articles 
is to take the responsibility of instructing the patient away from 
the attending physician and put it where it belongs, on the 
radiologist— the one who will do the examination. The examiner 
must take responsibility for proper patient preparation and 
execution, as is done by the angiographer and the endoscopist. 
This aspect of the examination (preparation) ‘‘can no longer be 
delegated to the well meaning but not always well informed 
referring physician.” [3]. 

This concept has also been endorsed by the colonoscopist 
Rose [5], who states: ‘Patients will comply with intelligent 
instructions. Both verbal and supplemental written well thought 
out and clearly presented instructions are necessary. It is 
suggested that the most interested party to good bowel prepa- 
ration (aside from the patient-victim and his physician) has to 
be the radiologist. The requesting physician's office has been 
notoriously inadequate in giving proper instructions. It is, there- 
fore, further suggested that all patients who are to have a 
barium enema examination should receive their instructions 
from a knowledgeable, interested party, which reduces our 
selection to but one—namely, the radiologist or his trained 
office staff.” [5]. 

Berlin speaks of the cost of the radiologist taking the respon- 
sibility for patient preparation. In our department the printing 
cost of the brochure is less than 13 cents, technician time (5 
min) to administer the cleansing enema is about 40 cents, and 
the disposable enema bag is about $2.00. This bag can be used 
for the administration of the barium enema itself. Therefore the 
total increase in cost of assuming complete responsibility for 
the instruction and preparation of the patient, including the 
cleansing enema, can be reduced to less than 55 cents includ- 
ing the cost of 2,000 mi of tap water. This expense has been 
absorbed by the radiology department and has not resulted in 
any cost increase to the patient. There have been substantial 
reductions in the overall cost to patients as a result of fewer 
inadequate nondiagnostic barium enemas and repeat examina- 
tions. 

There is ample evidence that 25% of carcinomas are missed 
on the initial barium enema and that most are due to retained 
fecal material [2]. With clean colons, we can most assuredly 
reduce the nondiagnostic and repeat barium enema rate by 
20%. According to Berlin's figures, this could result in saving 
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70,000 useless barium enemas yearly. A common total charge 
for an air-contrast barium enema, not including the cathartics, 
is about $99.00; an annual projected savings of nearly $7 million 
cou.d be achieved nationwide. This would be in addition to the 
enormous saving in dollars from decreased hospitalization, 
morbidity, and mortality by finding colonic carcinoma earlier. 
This can be done without special tables and equipment. For 
over 15 years we have given the cleansing enema on the x-ray 
table. 

A real waste of money is Berlin's suggestion that ‘‘we place 
advertisements in newspapers and magazines explaining why it 
is important to prepare the colon and how cleansing may be 
accomplished in a patient's own home or private surroundings.” 
Such advertisements a few weeks or 10 years before the patient 
has the need for a barium enema would be worthless. The 
patient needs the instructions prepared by the radiologist a day 
or two before he receives his barium enema, possibly when he 
makes the appointment. This may well need to be tailored to the 
individual patient, such as those with inflammatory bowel dis- 
ease. 

Like it or not, a lawyer will hold any examiner of the colon 
responsible for patient preparation, for the type of procedure 
done, for keeping abreast of the relevant medical literature, and 
for adequately examining the entire colon from the anus to the 
appendix [3]. It should be evident that for any examination in 
which 5-15 years of life is at stake, there is no room for anything 
less than an attempt at excellence [3]. This includes the respon- 
sibility for a strong effort to obtain a clean colon. 

| agree with Berlin that radiologists should not tell their 
patient, “Don’t worry about preparing your colon, just leave it 
to us.” [1]. | agree that radiologists should present themselves 
to the public as “partners of good health” [1]; as partners with 
our patients, we must properly instruct them and not leave that 
instruction to the attending physician. We must also take the 
responsibility of supervising and performing that patient's 
cleansing enema [7]. The surgeon, the endoscopist, the angiog- 
rapher all take the responsibility for the preparation of their 
patients; so must the gastrointestinal radiologist. Legally, and 
morally, we can no longer avoid this responsibility. The respon- 
sibility for the clean colon should and does lie with the exam- 
iner! With the resulting marked decrease in nondiagnostic and 
repeat barium enemas, there can be a great decrease in the 
overall cost of this examination. This will also result in a 
substantial increase in diagnostic accuracy and a saving of the 
radiologist’s time. 

Roscoe E. Miller 
Indiana University School of Medicine 
Indianapolis, Indiana 46202 
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Reply 

| fully agree with Miller that achieving a clean colon prior to 
the performance of a lower gastrointestinal series increases 
diagnostic accuracy, that the instructions for bowel preparation 
given to the patient should be formulated by the radiologist, 
and that good preparation can be accomplished without special 
tables and equipment. However, | reiterate my suggestion that 
we should inform the public, through advertising, that accurate 
barium enema examinations depend on good bowel prepara- 
tion. People can more effectively be educated at home when 
they're calm, relaxed, and well, rather than in a hospital when 
they're ill or, at the least, anxious. Of course a magazine 
advertisement cannot and should not replace specific instruc- 
tions prepared by the radiologist which are given to the patient 
a day or two before the examination, but | strongly believe that 
such instructions will be more effective and meaningful if the 
patient has a prior awareness of the subject. 

The radiologist does indeed have expanding liability in rela- 
tion to his patients [1]. He owes every patient who comes to him 
for a barium enema the duty of explaining carefully and persua- 
sively what steps are to be taken to achieve proper bowel 
preparation. But to hold the radiologist responsible if a colon 
lesion is missed due to the patient's refusal or failure to follow 
instructions is as illogical as holding a doctor responsible for 
lung cancer in a patient who ignored his doctor's advice to quit 
smoking. Radiologists have no greater obligation to clean out 
their patients’ colons than any other doctor has to personally 
administer prescribed medication. 

Miller correctly states that about 25% of carcinomas are 
missed on the initial barium enema, but | believe he is incorrect 
when he attributes most of these “misses” to retained fecal 
material. The most common causes of error, according to 
published reports enumerated elsewhere [2], are due to human 
failure, not to technical factors. To those interested in the 
subject, | recommend Smith's book [3] on the nature of radio- 
logic errors and “misses.” Garland [4] has pointed out that all 
diagnostic examinations are subject to error to about the same 
degree, because of what he terms the “human equation.” Thus 
| cannot accept Miller's assurance that simply by better cleaning 
out the colon, we can reduce the number of repeat enemas by 


70,000. which would save us $7 million. Although we must 
constantly strive to improve methods and techniques, | have 
serious doubts that we shall ever significantly reduce our 
“miss’ rate in barium enemas or in any other radiographic 
procedure. Even if fecal matter is totally absent, we shall never 
be able to do away with blind areas, overlapping walls, thick- 
ened foles, spasm and sphinctors, and other phencmena which 
from tme to time cause us to simply overlook a lesion. 
| take great exception with Miller's statement tnat a lawyer 
holds is responsible for the barium enema. No lawyer holds any 
radiologist to any standard! The only standards to which radiol- 
ogists achere are those set down by their own consciences and 
by their professional peers. The courts in all states have said 
repeatedly that a doctor must simply possess and apply that 
degree c skill and knowledge equal to that of the reasonably 
well qua’ fied physician [5, 6]. No court in the lard requires a 
doctor to necessarily be correct, to guarantee a good result, or 
to agree with or abide by everything written in the medical 
literature Raising the spectre of a malpractice suit and instilling 
a fear of lawyers are not appropriate means to promulgate one’s 
convictions, no matter how valid those convictions may be. 
Roscce Miller has devoted many years toward improving the 
quality =f gastrointestinal radiology, and he has justifiably 
earned the respect and admiration of the entire radiologic 
commun ty. While there may be some disagreement on minor 
issues, there is no disagreement with the concept he has 
succeeded in teaching all of us: “There is no room for anything 
less tham an attempt at excellence.” 
Leonard Berlin 
Jm versity of Illinois, Abraham Lincoln School of Medicine 
Skokie Valley Community Hospital 
Skokie, Illinois 60076 
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Chest 


Massive pulmonary hemorrhage: surgical approach as choice 
of treatment. Sehhat S, Oreizie M, Moinedine K (Department of 
Surgery, Esfahan Medical School, 160 Shah Avenue, Esfahan. 
Iran). Ann Thorac Surg 25:12-15, Jan 1978 


Massive pulmonary hemorrhage, defined as hemoptysis in 
excess of 600 ml in 48 hr, is a life-threatening condition. From 
90% to 100% of patients die due to aspiration of blood and 
suffocation; surgery with excision of bleeding lung is regarded 
as the treatment of choice. 

During a 10-year period, 146 patients with massive pulmonary 
hemorrhage were studied, and a comparison of surgical and 
nonsurgical treatments was made. Patients ranged in age from 
23-76 years. A total of 20% had tuberculosis: 63% had bron- 
chiectasis; and 75% had a history of previous bleeding. Thirteen 
patients were considered inoperable because of poor respira- 
tory function, inability to localize the bleeding site despite 
repeated bronchoscopy and bronchography, or metastatic 
bronchogenic carcinoma; these patients were excluded from 
further study. 

Of 133 patients considered operative candidates, 27 (20%) 
refused surgery and were treated medically and with repeated 
bronchoscopy for aspiration of tracheobronchial contents: 23 
(85%) of these 27 patients died within 25 days, and two of the 
remaining four died within 2 years because of repeated hemor- 
rhage. Among 106 patients treated surgically, only one patient 
died, and of 63 patients followed 2 to 7 years after surgery, only 
one experienced recurrent bleeding and none died. Lobectomy 
was the most frequent surgical procedure. 

These data leave little doubt that surgery is the treatment of 
choice for patients with massive pulmonary hemorrhage. How- 
ever, patients who refuse surgery and patients who are not 
operative candidates because of severe lung disease or poorly 
localized bleeding at bronchoscopy remain a problem. Several 
recent reports have described bronchial arteriography with 
bronchial artery embolization for diagnosis and treatment of 
such patients. Results have been excellent. In a majority of 
patients, massive hemoptysis results from abnormalities of the 
bronchial circulation, providing the rationale for this procedure. 

Harley and associates (Am J Roentgenol 128:302-304. Feb 
1977) report a case of massive hemoptysis in which the bleeding 
site was localized at bronchial arteriography by extravasation of 
contrast material into the bronchial lumen. Embolization of the 
bronchial artery resulted in prompt cessation of bleeding, and 
hemorrhage did not recur. Remy and coworkers (Radiology 
122:33-37, Jan 1977) reviewed a series of 49 patients embolized 
during an episode of acute bleeding. In 41 bleeding ceased, 
although it later recurred in six. 

Certainly the survival of patients treated by bronchial artery 
embolization far exceeds the 15% short-term survival reported 
by Sehhat for patients treated without surgery. Perhaps, as this 
procedure becomes more widely recognized, a significant per- 
centage of patients formerly dying of massive pulmonary hem- 
orrhage will be saved. 


W. Richard Webb 


Neural tumors of the thorax: subject review from the AFIP. 
Reed JC, Hallet KK, Feigin DS (Radiologic Pathology, Armed 
Forces Institute of Pathology, Washington, D.C. 20306). Radiol- 
ogy 126:9-17, Jan 1978 


The radiographic characteristics of neural tumors presenting 
in the posterior mediastinum are presented, based on analysis 
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of 160 patients. Tumors discussed include Schwannoma., neu- 
rofibroma, neuroblastoma, ganglioneuroblastoma, ganglioneu- 
roma, and paraganglioma. Radiographic findings consisted of 
solid homogeneous soft tissue mass. There was no evidence of 
cavitation. The ganglion series (neuroblastoma, ganglioneuro- 
blastoma, and ganglioneuroma) were elongated and oriented 
vertically following the sympathetic chain. Many of these tumors 
had tapered borders. Calcification, bony erosion, rib spreading, 
and pleural based nodules and effusion were present at a higher 
rate than in the nerve sheath tumor series, partly due to size 
and malignancy. Schwannoma and neurofibroma tended to be 
round and smaller than the ganglion series tumors. 

Tumors occurred in the following frequency: Schwannoma, 
31%; ganglioneuroma, 25%; neuroblastoma, 14%: ganglioneu- 
roblastoma, 13.8%; neurofibroma, 10%; and paraganglioma, 
2%. 

By combining radiographic appearance and patient's age, 
the most likely diagnosis of the posterior mediastinal mass ina 
child would be either neuroblastoma or ganglioneuroblastoma, 
while in an adult, it would be ganglioneuroma, Schwannoma, 
or neurofibroma. 


Asher Nov 


Pulmonary, pleural, and thoracic changes complicating 
chemotherapy. Tucker AS, Newman AJ, Alvorado C (University 
Hospitals of Cleveland, University Circle Cleveland, Ohio 
44106). Radiology 125:805-809, Dec 1977 


Chronic respiratory failure slowly developed in two pediatric 
patients following long-term cyclophosphamide therapy for lym- 
phocytic malignancy. One patient survived 12 years after acute 
lymphocytic leukemia was diagnosed but died of respiratory 
failure at age 16 still in initial remission; the other, a 12-year 
survivor of Hodgkin disease, has progressive deterioration of 
pulmonary function. Each patient received cyclophosphamide 
(less than 70 g) during the initial years of the disease. Autopsy 
of the first patient and lung biopsy in the second revealed 
severe pulmonary fibrosis. There was loss of compliance and a 
dramatic change in the shape of the thorax which produced a 
markedly reduced anteroposterior diameter in both patients, 
and recurrent pneumothoraces in one. 


Author Abstract 


Pulmonary complications of renal transplantation: a survey of 
patients treated by low-dose immunosuppression. Webb WR, 
Gamsu G, Rohlfing BM, Thorburn K, Kalifa G, Amend WJC, 
Roberts M, Salvatierra O Jr (G. Gamsu, Department of Radiol- 
ogy, 380-M, University of California School of Medicine, San 
Francisco, California 94143). Radiology 126: 1-8, Jan 1978 


Sixty-eight episodes of pulmonary complication developed in 
52 of 416 renal transplant recipients treated with low-dose 
immunosuppression. Twenty-four complications were nonin- 
fectious (20 were pulmonary edema due to transplant rejection). 
Forty-four complications were infectious (75% were wholly 
bacterial). Nine patients died from their pulmonary complica- 
tions; 7 had bacterial pneumonia, but other infections were also 
present in 5. Several patterns were seen radiographically. Car- 
diomegaly, vascular congestion, and patchy consolidation indi- 
cated pulmonary edema. Segmental and lobar consolidations 
were usually bacterial in origin. Large cavitary nodules, small 
nodules, and generalized consolidation were often due to dis- 
eases requiring biopsy for diagnosis. 


Author Abstract 
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Cardiovascular 


Coronary neovascularity and fistula formation, a sign of mural 
thrombus. Soulen RL, Grollman JH, Paglia D. Kreulen T (Temple 
University Health Science, Philadelphia, Pennsylvania). Circu- 
lation 56: 663-666, Oct 1977 


Neovascularity within cardiac mural thrombi has been shown 
at coronary arteriography in 15 patients. Granulation tissue in 
the thrombi has new vessels which cause blushes or stains. The 
washout of the stain into the left ventricle or atrium simulated 
fistula formation in 10 of these patients. As neovascularity does 
not occur in either the early or late stages of thrombosis, many 
thrombi are seen only as filling defects within a cardiac cham- 
ber. “Tumor vascularity” has also been reported in left atrial 
myxoma. The coronary arteriographic features do not distin- 
guish these two lesions: myxoma is characterized by mobility 
while congenital coronary fistulae are distinguished by larger 
vessels and shunts. The authors have not seen neovascularity 
or fistula associated with coronary atherosclerosis in the ab- 
sence of mural thrombus. 


Robert Frech 


Axial cineangiography in congenital heart disease section. I. 
Concept, technical and anatomic considerations. Bargeron 
LM, Elliott LP, Soto B, Bream PR, Curry GC (University of 
Alabama Medical College. Birmingham, Alabama 32533). Cir- 
culation 56: 1075-1083, Dec 1977 


New patient positions are described for angiography in con- 
genital heart disease. These practical methods align the long 
axis of the heart with the long axis of the x-ray table by rotation 
to attain the desired radiographic section. Such sectioning is 
useful because the left ventricle, in cross section, roughly forms 
a sphere, and the ventricular septum is a 120° arc of this sphere. 
Different portions of the septum are shown best by appropriate 
tangent x-ray beams. 

In the most useful projection, the patient's thorax is elevated 
to a sitting position of approximately 45°, the left shoulder is 
rotated up and to the left approximately 45°, and the body is 
slanted to the right. The positioning itself is achieved by various 
sized and angled foam plastic wedges. Raising the body 45° 
places the x-ray beam of the vertical image intensifier perpen- 
dicular to the long axis of the heart. The 45° upward rotation of 
the left shoulder roughly aligns the atrial septum and the right 
posterior portion of the ventricular septum parallel to the x-ray 
beam. This beam demonstrates the relationship of the arterio- 
venous valves to one another and to the septum. The atria are 
well separated from the ventricles and from one another. The 
four chambers consequently are seen rather like the leaves of a 
four leaf clover. A number of other structures are usually nicely 
seen in this projection with appropriate injections. 


R. Frech 


Clinicopathologic study of persistently positive technetium- 
99m stannous pyrophosphate myocardial scintigrams and 
myocytolytic degeneration after myocardial infarction. Buja 
LM, Poliner LR, Parkey RW, Pulido JI, Hutcheson D, Platt MR, 
Mills LJ, Bonte FJ, Willerson JT (Ischemic Heart Center, Univer- 
sity of Texas Health Science Center, Dallas, Texas 75235). 
Circulation 56:1016-1023, Dec 1977 


After initial positive cardiac scans, patients with myocardial 
infarction were fallowed with repeat scans for 3 months or until 
the scans became negative. Of 46 patients, 19 (41%) retained 
persistent, usually low grade 2+ positive scintigrams for at least 
3 months after acute myocardial infarction. The one major 
difference between patients with positive and negative postin- 
farct scintigrams was a more symptomatic postinfarct course in 
the former group. characterized by severe angina pectoris in 16 
of the 19 patients. 

In a separate clinicopathologic series of seven patients, 
persistently positive scans in five patients were associated with 


degeneratton of muscle cells which had survivec the initial 
episodes of infarction. Myocardial fibrosis was associated with 
a persistently positive scan in one patient, negative in another. 
The authors concluded that a persistently positive 99m Tc- 
PYP myocardial scintigram is frequently correlated with pro- 
gressive myocardial damage and muscle loss ard that this 
scintigraphic finding may be an important prognostic indicator 
of a complicated and symptomatic postinfarct clinical course. 


R. Frech 


A new radiographic sign of acute traumatic rupture of the 
thoracic 2orta: displacement of the nasogastric tube to the 
right. Tisnado J, Tsai FY, Ais A, Roach JF (Albany Medical 
Center Hospital, Albany, New York 12208). Radiology 125:603- 
608, Dec t977 


Seven patients are reported who sustained acute traumatic 
rupture of the thoracic aorta (proven by aortography and sur- 
gery). n five patients, rupture occurred at the aortic isthmus, 
distal to the origin of the left subclavian artery. In two patients, 
rupture occurred in the aortic arch in between the origin of the 
left common carotid and left subclavian arteries. Previously 
reported olain film signs of rupture of the thoracic aorta include 
widening of the mediastinum, indistinctness of the aortic knob, 
indistinctness of the thoracic aorta, contour, deviation of the 
trachea te the right, depression of the left main stem bronchus, 
and left apical extrapleural cap. The authors describe displace- 
ment ef the radio opaque nasogastric tube to the right, which 
was found to be present in patients with aortic rupture but not 
present mm patients with negative aortography. The authors 
describe this sign when present as more dependabie and 
constant than previously described signs. 


Asher Nov 


New indications of extended carboxyangiography (in French). 
Bendid M, Toumi M, Boudjellab A (Service de Radiologie, 
C.H.U. de Mustapha, Alger, Algérie). J Radiol Electrol Med Nucl 
58 :573-S86, 1977 


Extenced carboxyangiography is a procedure which utilizes 
pure carbon dioxide (CO,) for radiologic investigation of certain 
thoracic and abdominal veins. The technique, previously de- 
scribed in detail, consists of simple manual injection of the gas 
in a perpoheral vein with the patient lying in the decubitus 
position opposite to the side where the vein and the organ to be 
evaluated are located. 

The authors have adopted carboxyangiography in 535 cases 
visualizing satisfactorily the subhepatic veins, the superior vena 
Cava, anë the renal veins. It has also been used in postoperative 
follow-up for portal hypertension and in the evéluation of a 
possible Budd-Chiari Syndrome. 

The procedure was also used with success in evaluation of 
cystic pleural collections in the right dome of the diaphragm 
suggesting a subphrenic pathologic process and in the evalua- 
tion of right basal pleural thickening. 


Antonio F. Govoni 


Inversion of intrahepatic blood flow in contusions of the liver. 
A new concept of traumatic ‘‘arterio-portal ‘istulae” (in 
Frencn). L'Hermine C, Grand M, Remond A, Van Kemmel M, 
Quandalie P {Service de Radiologie, Cité Hopitaliere, F-59000 
Lille, France). J Radiol Electrol Med Nuc! 58:609-619, 1977 


Invers on of the intrahepatic flow is a rather common obser- 
vation in the initial days following hepatic trauma. Angiographic 
findings are: (1) segmental, peripheral arterioportal reflux, a 
direct sian; and (2) arteriolar hypervascularizatior and a func- 
tional amputation of portal flow as seen in the second stage of 
the iteoportography; indirect signs. The first sgn may not 
always be present while the indirect signs are always present. 

Twenty-six cases of trauma to the liver were 2xamined by 
angiography within 48 hr from trauma and in 12 (45%) an 
arterioportal fistula was demonstrated. 
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These arterioportal communications were considered to be 
produced by vascular lacerations, by an hepatic sequestration, 
and also thought to correspond to the focus of hepatic contu- 
sion. The authors believe that the angiographic findings are not 
produced by fistulae but rather by a localized phenomenon of 
inversion of the intrahepatic portal flow. Six cases are reported 
in detail. 


Antonio F. Govoni 


Detection of tricuspid regurgitation with two-dimensional ech- 
ocardiography and peripheral vein injections. Lieppe W, Behar 
VS, Scallion R, Kisslo JA (Box 3818, Duke University Medical 
Center, Durham, North Carolina 27710). Circulation 57:128- 
132, Jan 1977. (By permission American Heart Association) 


“Contrast echocardiography” utilizing a two-dimensional ul- 
trasound system and peripheral venous injections, was used for 
the detection of tricuspic regurgitation in 30 patients. The 
appearance of contrast in the inferior vena cava and the back 
and forth movement of contrast across the tricuspid valve were 
considered evidence for tricuspid regurgitation. Echocardi- 
ographic findings were correlated with clinical and angio- 
graphic data. Patients were assigned on the basis of clinical 
data to one of three groups. Group | included five patients 
whose clinical findings were diagnostic for tricuspid regurgita- 
tion. Group II included 15 patients whose clinical findings were 
equivocal for tricuspid regurgitation and patients whose recog- 
nized primary problem is frequently associated with tricuspid 
regurgitation. Group Ill consisted of 10 patients who served as 
controls. All Group | patients had positive echocardiographic 
studies for tricuspid regurgitation, while all Group Ill patients 
had negative studies, suggesting that this technique may be 
specific for tricuspid regurgitation. Among the Group II patients 
were three who had positive echocardiographic studies despite 
the absence of specific clinical findings of tricuspid regurgita- 
tion, suggesting that this technique may be more sensitive than 
the methods in common use. 


Author Abstract 


The utility of contrast echocardiographic techniques in the 
care of critically ill infants with cardiac and pulmonary dis- 
ease. Sahn DJ, Hugh DA, George W, et. al. (Department of 
Pediatrics (Cardiology), University of Arizona, Health Sciences 
Center, Tucson, Arizona 85724). Circulation 56:959-967, Dec 
1977. (By permission American Heart Association). 


In order to assess the utility of contrast M-mode echocardiog- 
raphy in an intensive care nursery population of critically ill 
newborns with cardiac and pulmonary disease and to validate 
contrast echo methods, we performed 200 serial contrast 
echoes on 40 infants via umbilical arterial or venous catheters 
which had been placed into these infants for clinical indications. 
The resulting contrast echoes recorded from the precordium or 
the suprasternal notch allowed the delineation of intra- and 
extracardiac right-to-left and left-to-right shunting patterns. 
Patterns identified and validated by cardiac catheterization (in 
cardiac patients) were: right-to-left atrial shunts, right-to-left 
ventricular shunts, and left-to-right patent ductus arteriosus 
shunts. The studies were without complication. Serial applica- 
tion of these echocardiographic techniques was extremely im- 
portant in assessing changing physiology in these neonates. 
Contrast echocardiography adds physiologic flow information 
to the anatomic information available from M-mode echoes and 
is quite important in the diagnosis and sometimes in the 
management of critically ill newborns. 


Author Abstract 


Gastrointestinal 


Computed tomographic demonstration of hepatic tumor with 
the aid of intravenous iodinated fat emulsion. Vermess M, 
Adamson RH, Doppman JL, Girton M (Clinical Center, Be- 
thesda, Maryland 20014). Radiology 125:711-715, Dec 1977 


The authors describe an experimental oil-based contrast 
medium which selectively opacifies normal liver and spleen 
parenchyma. 

AG 60-99 contains 35% iodinated ethyl esters of the fatty 
acids of poppy seed oil with soya lecithin, glucose, disodium 
phosphate, a surface active agent (polyoxyethylene glycol mon- 
ostearate), and water. lodine content is 20 g/100 ml. Oil globule 
size ranges from 0.16-7 um. The median lethal dose (LD;o) is 16 
ml/kg. The second source determined LD; at 9 ml/kg. Studies 
were performed on six rhesus monkeys. Three had hepatomas 
induced by intraperitoneal administration of N-nitro-sodiethy- 
lamin. One normal rhesus monkey had three Plexiglas spheres 
(1 cm and two '/2 cm particles) implanted in liver parenchyma. 
CT liver scans were performed on all animals preinjection and 
20 min following injection. The three monkeys with induced 
hepatomas also underwent angiography. 

Significant increase in attenuation coefficients of the liver 
and spleen following intravenous injection of AG 60-99 was 
noted in all animals. Tumor masses were well visualized as 
circumscribed areas of low density. A dose of 0.2 ml/kg was 
determined as the appropriate dose to achieve a significant 
enhancement without adverse reactions. Following this dose, 
there was an average increased attenuation density of 20-30 
EMI units. 

Two separate studies (30 and 32 patients, respectively) de- 
scribed a 75% rate of adverse reactions. No fatal complications 
were noted although fevers, chills, anorexia, nausea, vomiting, 
and 10%-20% drop in platelet counts were considered to be 
dose related. Dosage was 1.2 ml/kg. 

AG 60-99 selectively opacifies hepatic and splenic paren- 
chyma, enhancing the difference between normal and abnormal 
regions. The authors bring to our attention what may prove to 
be the first organ selective contrast material intended primarily 
for CT scanning. 


Asher Nov 


Retractile mesenteritis: initial presentation as colonic obstruc- 
tion. Williams RG, Nelson JA (University of Utah Medical Center, 
50 North Medical Drive, Salt Lake City, Utah 84132). Radiology 
126 :35-37, Jan 1978 


Retroperitoneal fibrosis has a spectrum of clinical presenta- 
tions which include anorexia, weight loss, nausea and vomiting, 
and backache (generally in the lumbar region). Laboratory 
findings are nonspecific and include elevated white count, and 
an increase in acute phase reactants signifying inflammation. 

Retroperitoneal fibrosis appears to consist of an active in- 
flammatory period, followed by fibrosis which is the healing 
phase. A spectrum of pathologic states is associated which 
includes inflammatory bowel diseases, neoplasms such as 
Hodgkin's disease, lymphoma, and sarcoma, as well as autoim- 
mune and collagen vascular diseases. Fibrotic processes else- 
where may be present such as in the pericardium, bladder neck, 
thyroid, bile ducts, lung, or mediastinum. 

The authors describe two patients with a clinical presentation 
in which large bowel obstruction predominated. The first patient 
was a 54-year-old white female who presented with severe 
colicky abdominal pain and nonbloody vomiting. On physical 
examination, a firm, left upper quadrant mass was palpable. 
Plain radiographs of the abdomen showed a pattern consistent 
with mechanical obstruction of small bowel. Barium enema 
demonstrated obstruction of the descending colon with mu- 
cosal thumbprinting and mass lesion proximal to the splenic 
flexure. The second patient, a 47-year-old white male, presented 
with hypogastric colicky pain, nausea, and vomiting. On physi- 
cal examination a left upper quadrant mass was palpable. 
Excretory urogram raised the question of a deviated left distal 
ureter, with minimal proximal hydronephrosis. Barium enema 
showed luminal narrowing and mucosal thumbprinting at the 
splenic flexure. Both patients denied use of methysergide and 
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no additional underlying cause was found during diagnostic 
workup. In both patients laparotomy revealed a fibrotic mass. 
Biopsies were interpreted as idiopathic retroperitoneal fibrosis. 
Barium studies showed narrowing or obstruction, mucosal 
irregularity, mucosal edema (thumbprinting), often in associa- 
tion with ipsilateral hydronephrosis, which should suggest re- 
tractile mesenteritis as a diagnostic consideration. 


Asher Nov 


Musculoskeletal 


A radiographic study of the ligamentous anatomy of the ankle. 
Kaye JJ, Bohne WHO (Vanderbilt University Hospital, Nashville, 
Tennessee 37232). Radiology 125:659-667, Dec 1977 


Ankle trauma commonly results in significant injury. Knowl- 
edge of the anatomy of the normally nonopaque major support- 
ive ligaments, and their relationships to the osseous structures 
seen on standard roentgenograms, facilitates interpretation of 
both plain films and ankle arthrograms. A group of normal, non- 
preserved ankles was dissected. The laterally located anterior 
talofibular, calcaneofibular, posterior talofibular, distal anterior 
tibiofibular ligaments, and the medially located deltoid ligament 
were carefully defined. They were coated with a mixture of 
powdered tantalum, photographed, and then radiographed in 
standard projections. The normal gross anatomy of these major 
supportive ligaments of the ankle and their relationship to the 
osseous structures about the ankle are remarkably constant. 


Author Abstract 


Early radiographic manifestations of secondary hyperparathy- 
roidism associated with chronic renal disease. Jensen PS, 
Kliger AS (Yale University School of Medicine, 333 Cedar Street, 
New Haven, Connecticut 06510). Radiology 125:645-652, Dec 
1977 


The authors present a radiographic method and grading 
system to assess bone loss. This method is suggested in place 
of serial bone biopsies. Pasteroanterior views of each hand 
were obtained at 3 month intervals for a 1-year period. A 0.3 mm 
focal spot with exposure factors of 55 kVp, 100 mA, and 2 sec 
was used. Optical magnification was utilized. Film was Kodak 
RPM mammographic developed by automatic processing. 

Three factors were graded: intracortical resorption, subper- 
iosteal resorption, and endosteal resorption. Grades in intracor- 
tical resorption were: (0) no cortical striations, or one or two 
striations adjacent to the endosteal surface; (1) one or two 
striations deep within the cortex; (2) multiple striations involving 
less than half of the surface area of the cortex; (3) multiple 
striations involving more than half of the cortical area; (4) 
striations involving the entire cortex. 

Grades in subperiosteal resorption were: (0) no resorption; 
(1) resorption limited to a small area (usually the radial side of 
the proximal metaphyseal area of the middle phalanx) and 
involving only one or two digits; (2) limited resorption involving 
more than 2 digits; (3) resorption involving more than half of the 
periosteal surface of the diaphysis on the radial side; (4) exten- 
sive resorption, usually involving the ulnar sides of the diaphy- 
ses as well; and (5) used only to indicate progressive resorption 
of Grade 4. 

In endosteal resorption a magnifying lens (X7) with 0.1 mm 
subdivisions was placed at the midshaft of the second metacar- 
pal. The medullary width was subtracted from the outer diame- 
ter, thus giving thickness of both cortices at the midshaft. 
Findings were compared with normal standard for age, sex, and 
race. Measurements were accurate to only 0.2 mm; it was thus 
determined that changes equal to or greater than 0.4 mm 
reflected a significant change. 

Of the 29 patients studied, initial examination showed promi- 
nence of periosteal resorption in 24% of the cases. Fine detailed 
radiography demonstrated early resorption changes in an addi- 
tional 48%. Extent of intracortical and subperiosteal resorption 


showed good correlation. Subperiosteal resorption showed a 
somewhat faster rate of improvement, which to sorre extent the 
authors attribute to greater ease of perception. Subper osteal 
resorption could be detected over a 3-month interval. while 
intraccrtical resorption showed changes over 6 months. Mea- 
surement of the combined cortical thickness was founc to be 
the mcst objective evaluation of bone loss. Detecticn of change 
is the sole means of identifying activity of bone disease. Only 
active disease is of significance in patient management None 
of the laboratory parameters used showed as accurate a corre- 
lation with activity. 


Aster Nov 


Juvenile-ankylosing spondylitis. Kleinman P, Rivelis M, Schnei- 
der R, Kaye JJ (R. Schneider, Hospital for Special Surgery, 535 
East 70th Street, New York, New York 10021). Radiology 
125: 775-780, Dec 1977 


Twenty-eight patients (24 boys and four girls) with juvenile 
ankylosing spondylitis are presented. The patierts were be- 
tween 1C and 16 years old except for one male, who was 5 years 
old. D agnosis was based on a Clinical history of low back pain 
and stiffness unrelieved by rest and present for over 3 months; 
and radiographic findings of bilateral erosions, sclerosis, or 
fusion of the sacroiliac joints. In each case, radiographs of the 
pelvis.anc lumbar spine were performed along with radicgraphs 
of additional symptomatic regions. Laboratory tests of latex 
fixation and HLA typing were obtained. 

Radiographic findings of the spine revealed that sacroiliac 
joints were uniformly and bilaterally abnormal. Changes con- 
sisted of indistinct margins, subchondral sclerosis, joint space 
initially appearing widened but following progression was seen 
to be narrowed; eventual ankylosis. Sclerosis of vertebral end 
plates.was seen with later squaring of the vertebral bodies. Both 
syndesmophytes and apophyseal joint fusion were noted along 
with e caudad to cephalad progression of both symptoms and 
radiographic findings of the spine. 

Aprendicular joint changes occurred, in decreasing order of 
frequency, in the hips, knees, shoulders, and distal joints. 
Radiographic findings became evident several years following 
clinical symptomatology. Findings consisted of perierticular 
demireralization, joint space narrowing, subchoncral sclerosis, 
erosiens. and proliferative changes. 

Juvenile ankylosing spondylitis and juvenile rheumatoid ar- 
thritis are similar and often confused. Clinically they nay be 
distinguished in that the former shows a greater male tc female 
ratio. Age of onset is in second decade as opposed to first 
decace. Rheumatoid factor is not present and HLA B 27 antigen 
is nored in 90% of cases as opposed to 6% in the general 
population. Presenting symptoms are in proximal appendicular 
as opdosed to distal appendicular in juvenile rheumatoid arthri- 
tis. 

Radiographically, juvenile ankylosing spondylitis shcws ero- 
sion, sc’erosis, and fusion in the sacroiliac joints as opposed to 
erosion. and fusions only in juvenile rheumatoid arthritis. In the 
spine. anterior and posterior ankylosis are noted. In ankylosing 
spondylitis peripheral joint involvement may be distinguished 
by a woolly periosteal reaction as opposed to linear periosteal 
reaction in rheumatoid arthritis. 

A clinical and radiographic assessment may allow distinction 
between the entities to determine proper treatment. 


Asher Nov 


Primary and secondary aneurysmal bone cyst: a radi>dlogical 
study of 75 cases. Bonakdarpour A, Levy WM, Aegerter E 
(Temple University Hospital, 3401 North Broad Street, Philadel- 
phia, Pennsylvania 19140). Radiology 126:75-83, Jan 1978 


Radiological findings in 75 cases of aneurysmal bone cyst 
were analyzed. Sixty-five per cent were primary or simple and 
35% were secondary, the aneurysmal bone cyst being combined 
with other osseous lesions. A primary aneurysmal done syst can 
be diagnosed with a high degree of certainty, but only 20% of 
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secondary forms had the radiological appearance of aneurysmal 
bone cyst; in the other 80% the associated lesion dominated the 
radiological picture, particularly when it was malignant. In the 
secondary form a small biopsy specimen may show the features 
of aneurysmal bone cyst only; without radiological assistance a 
concomitant malignant lesion may be missed. Therefore, there 
must be close collaboration between the radiologist and the 
pathologist. 


Author Abstract 


Intravertebral disk herniations: cartilaginous (Schmorl’s) 
nodes. Resnick D, Niwayama G (Veterans Administration Hos- 
pital, 3350 La Jolla Village Drive, San Diego, California 92161). 
Radiology 126:57-65, Jan 1978 


The article discusses prolapse of intervertebral disc material 
into the vertebral body. Findings and proposed mechanisms are 
based on examination of the anterior vertebral column (includ- 
ing the first thoracic vertebral body through the fifth lumbar 
vertebral body), obtained during routine autopsies of over 300 
cadavers. A concise review of embryology, anatomy, and the 
literature is presented. 

The surface of the vertebral body is covered by a layer of 
hyaline cartilage to which the intervertebral disk adheres. The 
disk consists of a central portion, the nucleus pulposus, and an 
outer portion, the annulus fibrosus. Protrusion of the disk 
material may occur in any direction. Posterior prolapse will 
result in neurologic symptoms, while anterior and lateral pro- 
lapse results in spinal osteophytosis. Superior and inferior 
prolapse, causing defects in the vertebral body are known as 
Schmorl’s nodes or cartilaginous nodes. These protrusions 
occur only through a disrupted cartilaginous end plate due to 
abnormality within the plate itself or in the subchondral bone. 
The radiographic appearance consists of a lucent focus within 
the vertebral bodies surrounded by bony eburnation. 

Causes of abnormality may be divided into two main cate- 
gories. 

Developmental causes may be: (1) areas in the cartilaginous 
end plate adjacent to the nucleus pulposus is potentially weak 
due to indentation left by the regression of the chorda dorsalis; 
(2) ossification gap or a ‘gap’ present in children which 
disappears in adults; (3) numerous vascular channels perforat- 
ing the cartilaginous end plate creating a potential weak spot. 

Specific disorders are: (1) juvenile kyphosis or Scheuer- 
mann’'s disease (at present believed to be caused by the pres- 
ence of multiple congenital weakened areas within this cartilag- 
inous end plate, rather than osteonecrosis); (2) trauma with 
excessive axial loading of the spine leading to disruption of the 
spongy bone and cartilaginous end plate, leading to the forma- 
tion of a cartilaginous node; (3) metabolic and neoplastic 
disease (examples are hyperparathyroidism and osteoporosis) 
possibly leading to cancellous bone weakening; (4) degenera- 
tive disk disease in which the cartilaginous end plate becomes 
thinner and hyalinized, while the nucleus pulposus dehydrates 
or is destroyed. As in metabolic disease, degenerative disk 
disease may show sclerosis and disk space narrowing which 
may be confused with infection. This finding may be differen- 
tiated because clinical signs of sepsis are not present; there is 
no evidence of a soft tissue mass; and bony margins do not 
appear ill defined or fraying, as in infection. Cartilaginous nodes 
are a well known phenomenon which is frequent and most often 
a benign manifestation. Degenerative disk disease and neo- 
plasm may at times mimic osteomyelitis. 


Asher Nov 


Nervous System 


Methods of transfemoral lumbar epidural venography in the 
diagnosis of lumbar disc herniation (in English). Meijenhorst 
GCH (St. Geertruiden Hospital, Deventer, the Netherlands). 
Radio! Clin 46:439-457, 1977 


The author regards epidural venography as a very accurate, 


relatively simple method of demonstrating herniated discs in 
the lumbar region, and especially recommends this method for 
patients who have a negative or equivocal myelogram in the 
presence of clinical findings strongly suggestive of herniation. 
The radiologist has a choice of more than 20 different proce- 
dures; several ways of achieving adequate visualization of the 
epidural venous plexus are described in this article. The au- 
thor’s preferred method consists of stimultaneous injection of 
contrast medium via two catheters selectively introduced into 
lateral sacral segmental veins bilaterally or into both internal 
iliac veins. 


Peter F. Winter 


Frontal and lateral views of the brain reconstructed from EMI 
axial slices. Schulz RA, Joseph PM, Hilal SK (Columbia-Pres- 
byterian Medical Center, 622 West 168th Street, New York, New 
York 10032). Radiology 125:701-710, Dec 1977 


A computer program has been written to produce lateral and 
frontal views of the brain from transverse slices generated by 
the EMI scanner. The resulting images have markedly facilitated 
the planning of surgical exploration of intracranial lesions by 
graphically indicating their locations in a manner consistent 
with the familiar lateral and frontal radiographs. Our image is 
formed from a distribution of the average EMI density number 
along the direction of projection. Incorporated in the program 
is a bone-searching algorithm which eliminated density from 
the cranium and extracranial air and water so that only brain is 
seen in the projection. Several enhancement algorithms are 
provided to enhance pathology. The images are displayed on 
the existing EMI viewer, where they are available for inspection 
and photography. 


Author Abstract 


Some aspects of contralateral compression in carotid angiog- 
raphy. Moller A, Ericson K. (Department of Neuroradiology, 
Karolinska Sjukhuset, S-104 0 1 Stockholm, Sweden). Radiol- 
ogy 125:725-729, Dec 1977 


‘‘Cross-circulation test’ done by compression on the nonin- 
jected carotid artery in order to direct contrast medium to both 
hemispheres is well Known. Contralateral compression enables 
simultaneous assessment bilaterally of intracranial processes, 
such as aneurysms, extracerebral hematomas, and sellar, or 
Suprasellar masses. The authors evaluated the site of compres- 
sion, time of compression, and volume and rate of injection 
with 35 carotid examinations in 32 patients to determine differ- 
ences in the site of compression. Compression was applied 
either above or below the carotid bifurcation during a selective 
internal carotid artery injection. 

Eighteen patients were examined to determine differences in 
time of compression. Compression was applied either before, 
simultaneously with, or shortly following onset of injection of 
contrast material. Initial examinations were performed with an 
injection rate of 8 ml/sec with a total volume of 6 ml of 12 
patients. Contrast volume was raised to 14 ml with a prolonged 
injection time of 2 sec, at a rate of 8 ml/sec. 

The authors found that contralateral and retrograde flow are 
more successful when compression is below the bifurcation, is 
applied simultaneously with onset of injection, and injection 
volumes and total injection time are increased. This technique 
is proposed in order to eliminate additional! selective examina- 
tion and to reduce patient dose by shortening examination time. 


Asher Nov 


Spectrum of medulloblastomas demonstrated by computed 
tomography. Zimmerman RA, Bilaniuk LT, Pahlajani H (Hospital 
of the University of Pennsylvania, 3400 Spruce Street, Philadel- 
phia, Pennsylvania 19104). Radiology 126:137-141, Jan 1978 
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The authors present a series of 22 patients with medulloblas- 
toma. The CT findings are described and proposed as the 
definitive neuroradiologic method for both diagnosis and man- 
agement. Of 13 cases of newly diagnosed medulloblastoma, 
angiography was required in a single case, while pneumoen- 
cephalography was not performed at all. 

Medulloblastomas are derived from poorly differentiated ger- 
minative cells whose source is the neuroepithelial roof of the 
fourth ventricle. These cells migrate upward and form the 
external granular layer within the cerebellar hemisphere. Med- 
ulloblastomas arise anywhere along the tract of migration. 
Theoretically, tumors arising earlier in life are at the midline, 
while those that occur later are laterally situated. The histology 
is variable in accordance with time period in life and location. 
Cyst formation, calcification, and hemorrhage are uncommon. 
Route of metastasis is via ventricular extension, subarachnoid 
space seeding, and extracranial metastases through vessels or 
hydrocephalus shunts. Of the 13 medulloblastomas reviewed, 
11 showed homogeneous increased density in the range of 30- 
50 Hounsfield units (15-25 EMI units). In two patients, the 
lesions were isodense. All 13 showed contrast enhancement in 
the range of 44-72 Hounsfield units (22-36 EMI units). Two had 
calcifications. All were located in the posterior fossa: eight were 
midline, one was midline with considerable lateral extension, 
and four were lateral cerebellar. Of the patients, 85% showed 
varying degress of hydrocephalus. 

The main differential diagnosis in a pediatric patient consists 
of ependymomas and solid astrocytomas. In the adult patient 
hemangioblastomas and metastases should be considered. 

This study suggests that CT scanning is the definitive modal- 
ity in the diagnosis of medulloblastoma. In the event of an 
isodense lesion in which strong clinical indications are present, 
the diagnostic workup should be further pursued by pneumo- 
encephalography. Follow-up examinations after therapy are 
indicated every 4-6 months in children and every 8-12 months 
in adults. 


Asher Nov 


An evaluation of current diagnostic radiologic modalities in 
the investigation of acoustic neurilemmomas. Dubois PJ, 
Drayer BP, Bank WO, Deeb ZL, Rosenbaum AE (University of 
Pittsburgh Health Center, Presbyterian-University Hospital, 
Pittsburgh, Pennsylvania 15216). Radiology 126:173-179, Jan 
1978 | 


The authors present a series of 30 patients with 31 tumors 
(one patient had neurofibromatosis with bilateral cerebellopon- 
tine angle enhancing lesions on CT). Modalities employed were: 
(1) plain films consisting of Stenvers, submentovertex, transor- 
bital, and Chamberlain-Towne projections; (2) when clinically 
warranted, patients were further evaluated by pluridirectional 
tomography in frontal, lateral, and at times submentovertex 
projections; (3) angiography; (4) CT scans, pre- and posten- 
hancement; (5) Pantopaque cisternography, using 1-3 ml intro- 
duced by a lumbar puncture, projections were horizontal beam 
Chamberlain-Towne, transorbital, and submentovertex; (6) me- 
trizamide CT cisternography, utilizing 5-6 cc dose of 190 mg 
per 100 ml iodine. 

The information sought was: tumor detectability; size; ana- 
tomic relationships; and differential diagnosis. Tumors were 
considered small when 1.5 cm or less, intermediate at 1.5-3.0 
cm, and large when measuring 3.0 cm and up. Plain films and 
pluridirectional tomography had a detection rate of 86% and 
up. Limitations were on tumor size prediction and differential 
diagnosis. Pantopaque cisternography enabled a high detection 
rate and possibly the only successful modality for intracanalic- 
ular lesions. One limitation of this modality was that large tumor 
masses could be underestimated in size. Angiography showed 
extraaxial location of tumor mass when 1.5 cm or larger. 
Hypervascular lesions could not be differentiated from an- 
giomas, while avascular lesions could not be differentiated from 
epidermoids. Contrast enhanced computed tomography 


showed high detection rate, good tumor size evaluation, and 
enabled differentiation from angiomas and epide-moids. Tu- 
mors ranging from 1.5 cm and up were detected either by 
enhancing or by widening of the ambient cistern. Metrizamide 
CT cisternography enabled detection of tumors smaller than 1.5 
cm (twd tumors measured 1.0 cm and 1.5 cm). The contribution 
of this modality is the detailed definition of the subarachnoid 
space and ability to detect extraaxial tumors smaller than those 
found Dy conventional intravenous enhanced CT. 

Based on these findings, the authors propose the following 
protocol. Patients with clinical, radiographic, or tomographic 
abnormality are evaluated by computed cranial tomography 
(with anc witnout contrast enhancement). If positive, these 
patients undergo either surgery or arteriography and surgery. If 
the CT fimdings are questionable, further evaluation is done by 
metrizamide CT cisternography. In the case of negative CT 
findings, the patient will either undergo Pantopaqtue cisternog- 
raphy or metrizamide CT cisternography. 


Asher Nov 


The jugular notch. Dilenge D (Centre Hospitalier Jniversitaire 
de Sherbrooke, Sherbrooke, Canada). J Can Assoc Radiol 
28 :274-277. Dec 1977 


The author describes a characteristic notch in the petrous 
bone wh ch is seen on tomography to be directed upwards and 
involve the posterior portion of the petrous bone. It may be 
large and is related to the inferior and medial portions of the 
tympanic cavity and the posterior structure of the nner ear. At 
jugular venegraphy, this was related to ectasia of the dome of 
the jugular vein with blind pouching superior medially. This 
normal variant should be recognized and the consulting physi- 
cian erted as it may present as a cause of unforeseen hemor- 
rhace-during otologic surgery. 


Jack M. Tishler 


Cerurinous tumor of the jugular foramen. Dilenge D, Nutik S, 
Poligtin J, Masse S (Centre Hospitalier Universitaire, Sher- 
brooke, Canada). J Can Assoc Radiol 28:274-279, Dec 1977 


Ceruminoma is a rare benign neoplasm of the ceruminous 
glands of the external auditory canal. It is a slow growing but 
potencially invasive lesion. Recurrence may occur following 
excision. Of the 38 previously reported cases in the world 
literature, only four cases were reported to have intrapetrous 
extension, characterized by erosion of inner ear structures and 
invasion of the cerebropontine angle. The authors add one 
more case to the literature. In their case, the ceruminomaerodes 
the petrous bone, including the internal auditory canal as well 
as disdleying features of a neoplasm of the jugular foramen. 

Selective arteriography demonstrated a tumor blush project- 
ing on “he anterior aspect of the jugular foramen with the 
feeding vessels arising from the ascending pharyngeal artery 
and frora a branch of the occipital artery. Early venous filling 
was noted. Jugular venography demonstrated compression and 
flatteming of the jugular bulb, without signs of tumor invasion. 

The authors believe that while a glomus jugulare tumor could 
be excluded as the cause of the radiographic findings, none of 
the charges seen could be considered as diagnostic of cerumi- 
noma itself. 


Jack M. Tishler 


Pediatric Radiology 


Tracheal collapse following esophageal atresia repair. 
Chuang S., DeCaires GF (Montreal Childrens Hospital, 2300 
Tupper Street, Montreal, Canada). J Can Assoc Radiol 28 : 278- 
281. Dec 1977 


The authors report their experience with three patients with 
esophacea! atresia in whom expiratory collapse cf the trachea 
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was demonstrated radiographically following esophageal atre- 
Sia surgical repair. The exact cause of the collapsing trachea in 
their patients was not established. In severe cases. surgical 
correction of this abnormality or an unusually long tracheos- 
tomy tube may be required and the surgeon should be alerted 
to this. 


Jack M. Tishler 


Indications for pneumoperitoneum in the diagnosis of congen- 
ital anomalies in the umbilical region. Vidal J, Cortina H, 
Alonso A, Alberto C, Lanuza A, Perez-Candela V (Servicio di 
Radiodiagnostico, Clinica Infantil “Le Fe”, Valencia, Spain). 
Pediatr Radiol 6: 147-152, 1977 


Thirty pneumoperitoneograms were performed postmortem 
and an additional five were performed for diagnosis. The tech- 
nique itself, the radiologic anatomy of the umbilical region, and 
the usefulness of the procedure in diagnosis are discussed. 
Pneumoperitoneum may be indicated in the investigation of a 
bleeding Meckel’s diverticulum, in the exclusion or confirma- 
tion of remnants of the omphalomesenteric duct. in chronically 
moist lesions of the umbilicus resistant to symptomatic treat- 
ment, in suspected cases of noncommunicating urachal cysts 
which cannot be diagnosed by cystogram, and in the differential 
diagnosis of abdominal tumours related to the umbilical region. 


Author Abstract 


The persistent loop sign in neonatal necrotizing enterocolitis: 
a new indication for surgical intervention? Wexler, HA (2485 N. 
E. 202nd Street, North Miami Beach, Florida 33180). Radiology 
126 : 201-204, Jan 1978 


A new radiographic sign in neonatal necrotizing enterocolitis 
is described. Five patients with necrotizing enterocolitis ex- 
hibited an unchanging dilated loop of small bowel, which was 
followed by perforation in 3 infants: the other 2 had surgical 
and/or autopsy corroboration of profound bowel-wall necrosis. 
It is suggested that infants with a “persistent loop” be consid- 
ered candidates for laparotomy. 


Author Abstract 


Miscellaneous 


The accuracy of mammography. An analysis of 655 histologi- 
cally verified cases (in English). Manoliu RA, Ooms GH (State 
University Hospital, Leiden, the Netherlands). Radiol Clin 
46 :422-429, 1977 


The accuracy of mammography was studied on 655 breasts 
in 609 women. Each breast was biopsied or treated surgically 
after the mammographic examination, and the result of the 
histologic examination compared with the mammographic re- 
port. At the same time, each mammographic report was evalu- 
ated for the degree of expressed confidence: a finding de- 
scribed as characteristic for a particular lesion was given the 
confidence level Ill (CL Ill); a finding described as reasonably 
consistent with a particular lesion was given the confidence 
level Il (CL Il); and, a lesion evaluated as “unlikely but not 
excluded” was given the confidence level | (CL |). 

A total of 224 malignant tumors was found. The true-positive 
diagnosis of a malignant tumor at all confidence levels was 
made in 194 cases; the confidence levels of these diagnoses 
were CL Ill in 160, CL Il in 15, and CL I in 19 cases. There were 
85 false-positives; the confidence levels of the false-positive 
diagnoses were CL Ill in 19, CL Il in 26, and CL | in 40 cases. 
There were 30 false-negative diagnoses of malignant tumors. 
The diagnoses of a cyst or benign tumor was made in 225 cases 
with a true-positive diagnosis at all confidence levels in 106 
patients; the confidence levels of the true-positive diagnoses 
were CL Ill in 95, and CL Il in 11 cases. In 119 cases, a false- 
positive diagnosis of a cyst or benign tumor was made: the 
confidence levels of the false-positive diagnoses were CL III in 


78, CL Il in 38, and CL I in three cases. The histologic diagnosis 
in these false-positive cases were as follows: malignant tumors 
in 45 cases, mastopathy in 60 cases, and normal or slight 
dysplastic changes in 14 cases. Mammary dysplasia was diag- 
nosed histologically in 311 cases but mammography was posi- 
tive in only 187 of these cases. The confidence levels of the 
mammographic diagnoses were CL Ill in 162, and CL Il in 25 
cases. 


Peter F. Winter 


Radiology of breast tumors in the male. Ouimet-Oliva D, Hebert 
G, Ladouceur J (Notre Dame Hospital, 1560 Sherbrooke Street 
East, Montreal, Canada H26 4M). J Can Assoc Radiol 28 : 249- 
256, Dec 1977 


The authors report on their experience with mammography 
on 102 cases of breast enlargements in the male. The most 
common cause was gynecomastia (89/102), which may have 
one of three basic radiographic appearances. 

1. Nodular. The abnormal tissue forms a well circumscribed 
tumor close to the nipple. This appearance differentiates them 
from carcinoma. 2. Dendritic. The proliferating ducts and con- 
nective tissue radiate from the nipple. 3. Diffuse. 

Eleven of these patients had testicular neoplasms, 11 were 
alcoholics with cirrhosis, and 16 were on drugs which are 
known to be gynecomastiagenic. Gynecomastia was bilateral in 
37 of 102 cases. The other cases in this series included six 
primary carcinomas, two lipomas, two abscesses, diffuse mas- 
titis in two, and metastatic carcinoma in one. 


Jack M. Tishler 


The intensity of scattered radiation in mammography. Barnes 
GT, Brezovich IA (School of Medicine, University of Alabama, 
Birmingham, Alabama 35233). Radiology 126:243-247, Jan 
1978 


The ratio of scattered-to-primary radiation has been mea- 
sured for a range of x-ray tube voltages, field sizes and phantom 
thicknesses that typify clinical mammographic situations. The 
relative intensity of scattered radiation measured was essentially 
independent of kVp but increased as the phantom thickness 
and radiation field size increased. For the range of field sizes 
and phantom thicknesses that typify clinical situations the 
intensity of scattered radiation varied from about 40 to 85% of 
the primary beam intensity indicating that only from about 54 to 
71% of the primary beam contrast is imaged in mammography. 


Author Abstract 


Ultrasonics 


Sonography of the vessels of the liver and of the biliary tract 
(in French). Taboury J, Tubiana JM (Service de Radiologie, 
Hôpital Sant-Antoine, 184, rue du Fauborg Saint-Antoine, F- 
75571 Paris, France) J Radiol Electrol Med Nucl 58:773-784. 
1977 


This is a detailed report on the evaluation by gray scale 
sonography of the vessels of the liver, subhepatic venous 
system, inferior vena cava, portal venous system, and of the 
intra- and extrahepatic biliary tracts. Normal sonograms are 
analysed critically and the pathologic sonograms are discussed 
in cases such as: extrinsic compression of the inferior vena 
cava; thrombosis of the inferior vena cava: hepatomegaly sec- 
ondary to congestive cardiac failure; displacement and/or ef- 
facement of some subhepatic veins adjacent to an expansive 
parenchymal lesion, either benign or malignant; Budd-Chiari 
syndrome; cholelithiasis; dilatation of intra- and extrahepatic 
ducts; and, hypertrophy of the portal system, global portal 
hypertension. The article is illustrated by numerous schematic 
drawings. Reproductions of sonograms of the pathologic proc- 
esses are discussed. 


Antonio F. Govoni 


Book Reviews 





The Mediastinum: Radiologic Correlations with Anatomy and Pachology. By E. R. Heitzman. St. Louis: Mosby, 341 


pp., 1977. $37.50 


The serious student of radiographic anatomy and pathology 
of the mediastinum will welcome this new book by a man 
preeminent in the field of thoracic radiology. Heitzman has 
carefully assembled his extensive knowledge of the subject and 
the contributions of others into a very readable account. Al- 
though it was not his intention to create an atlas of pathology, 
nearly every conceivable abnormality and its differential fea- 
tures are included. The literature citations are numerous and 
document not only the validity of the concepts presented but 
also Heitzman's long-standing preparation for this writing. If the 
text has any fault, it is a certain redundancy, particularly in later 
chapters; yet this serves to reinforce previously mentioned 
concepts. 

The illustrations are profuse and the radiographs generally of 
good quality, carefully cropped and printed. However, the 
accompanying cadaver sections and legends are difficult to 
follow. The sections lose their effectiveness without color. 
Moreover, the lack of full inflation of the lungs at necropsy 
renders comparison between sections and films somewhat 
difficult. It is to be hoped the second edition may include full 
color illustration of the cadaver sections, even if it were neces- 
sary to reduce their number. 


The epends include unnecessary identification of the type of 
image n every instance and some duplication of the text. They 
do no =uccinctly identify the feature they are ntended to 
illustrate although they carry the message if the reader has 
patience This shortcoming is likewise easily remedied and 
hopeft Il» will be considered in another edition. 

The book is organized according to Heitzman’s original 
classification of regions of interest in the mediastinum. The 
traditie nal superior and slablike anterior, middle, and posterior 
regions wave been replaced by others relating to anatomic 
structt rss. On either side the supraaortic, infraaortic, supraa- 
zygou:, and nfraazygous regions complement the thoracic 
inlet. supraaortic, and anterior regions. The important normal 
profiles 'a each of these regions, including their anatomic basis 
and distortion by disease processes, are dealt with in individual 
chapters On completing this book, my impression was that 
little. i amy, clinically useful information about the mediastinum 
had beem omitted. Anyone who deals frequently with thoracic 
radiolecy, including most diagnostic radiologists, should study 
this beo< in its entirety for a very satisfactory account of this 
imporcart anatomic region. 

Melvin M. Figley 


Atlas of Brain Anatomy for CT Scans Using EMI Terminology, 2c 2d. By F. C. Shipps, J. McAndrew Jones, and A. 
D'Agostino. Springfield, Ill.: Thomas, 51 pp., 1977. $16.75 


This small atlas is a review of the normal cross-sectional 
anatomy of the brain as seen on computed tomographic scans. 
The normal CT amatomy is demonstrated as seen on the 0° and 
15° orbital meatal angles. The anatomic structures labeled on 
the various scans are labeled on similar angle cut brain speci- 
mens. 

Additional chapters consist of identification of common arti- 
facts seen on CT scans, a short discussion of window width and 
window level, and a method of transferring CT findings to the 
patient's lateral skull film. This atlas contains little text and 
consists mainly of labeled CT scans and comparison brain 
sections. 

The illustrations are good and all labeled structures can be 
visualized in the illustrations. A few probable mistakes are noted 


inthe eling. What is often labeled as clinopetrous ligament is 
more dD ebably the apex of the petrous pyramid. In scan 6, a 
midlir> structure in the suprasellar cistern is mcre likely the 
optic chasm rather than the optic nerve. On scan 12, the 
chorosc 5lexus is labeled as posterior cerebral artery. 

Since the book does not deal with pathologic changes or 
variarts from the normal appearance, it would not be very 
usefu for the practicing radiologist who daily reviews CT scans. 
Althoech not a reference book, this text functiors well as an 
introcuction to CT. 

Guy D. Potter 
Columbia-Presbyterian Medical Center 
New York, New York 10032 


Technologist Guide to Mammography, 2d ed. By R. L. Egan. Balimore: Williams & Wilkins, 155 pp., 1977. $19 


This book is a revision of a 1968 edition which meticulously 
described what is now commonly referred to as “the Egan 
technique’ of film mammography. 

In the original edition, a brief history of mammography was 
followed by a short description of the anatomy and physiology 
of breast develapment, including changes due to hormonal 
influences. The book then concentrated chiefly on: (1) a careful 
description of the revisions of existing x-ray equipment neces- 
sary to produce the type of soft x-ray beam for mammographic 
imaging, including careful coning; (2) correct positioning of the 
patient, including variable supplementary positions; (3) correct 
hand developing of the fine grained industrial M film used in the 
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procedure: and (4) a brief description of the mammographic 
appeerance of breast carcinoma, in an attempt to aid the 
techroeegist’s understanding of the disease. There are only 
minot caanges in these chapters in the revised edition (except 
that € helpful short self-test questionnaire has been included at 
the emc of each chapter to assist the reader in learning). 

The major change in the revised edition is the introduction of 
several new chapters which are immensely appropriate. One 
chap describes breast self-examination and encourages the 
techroeegist to teach this procedure to the patient. Even if the 
patiest already knows how to perform it, discussion of this 
procedure wi! serve to reemphasize its value in detecting breast 
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carcinoma. In the following chapter, the technologist is urged 
to physically examine the patient's breast prior to performing 
mammography, with revisions of the standard mammography 
method then being employed, if necessary, in order to correctly 
assist in evaluating the area in question. The value of mammog- 
raphy increases tremendously when technologists participate in 
this way, and, in addition, technologists are made to feel a more 
integral part of the diagnostic armamentarium. 

Several short chapters at the end of the book discuss the 
benefit-risk ratio of mammography, particularly in the screening 
situation. 

The technology of xeromammography is not described in this 


book. It is the best organized and illustrated guide for technol- 
ogists who wish (if they are still permitted) to perform a higher 
dose method of mammography. The major disadvantage is that 
it does not offer assistance to those who perform reduced dose 
film mammography, since there is only a cursory description of 
screen-film systems, adequate breast compression with stiff 
compression devices, and the small focal spot specialized 
mammographic x-ray units necessary for optimal reduced-dose 
mammography examinations. 
Wende W. Logan 
1351 Mount Hope Avenue, Room 108 
Rochester, New York 14620 


Pineal Tumors. Edited by H. Schmidek. New York: Masson. 138 pp., 1977. $28.50 


This is the first volume in the Cancer Management series 
edited by L. W. Brady, and V. T. De Vita, Jr. The easy-to-read 
text discusses the many aspects of pineal region tumors. It is 
well organized and illustrated, with a separate bibliography at 
the end of each chapter. 

The first chapter on pathology of pineal region tumors re- 
views the development of the present classification of pineal 
region tumors. This chapter thoroughly describes the pathology 
of the more common tumors and discusses the neuroendocrine 
aspects of pineal tumors (e.g., melatonin). 

Chapter 2 discusses the neuroophthalmic and neurologic 
manifestations of pinealomas as well as the neuroanatomy and 
pathophysiology of the visual and oculomotor systems affected 
by pinealomas. Emphasis is on the methods of examining these 
systems and the clinical findings that indicate beginning dys- 
function. 

Chapter 3 summarizes the current concepts of mammalian 
pineal gland physiology, reviews endocrine disorders associ- 
ated with pineal gland tumors, and suggests an approach to the 
evaluation of endocrine function in patients with suspected or 
proved pineal region neoplasms. The endocrine dysfunctions 
discussed include abnormalities of sexual maturation, diabetes 
insipidus, and anterior pituitary insufficiency. 

In chapter 4, the various procedures for the neuroradiologic 
diagnosis of pineal tumors are discussed. The screening pro- 


cedure of choice is considered to be computed tomography, 
while such diagnostic procedures as radionuclide imaging, 
vertebral arteriography, skull x-rays, and ventriculography are 
complementary. These procedures are stated to be useful to 
determine postirradiation status. 

Chapter 6 describes suprasellar germinomas, also known as 
ectopic pinealomas. These tumors are discussed from the 
aspects of clinical findings, symptoms, diagnostic procedures, 
and therapy. 

The roles of surgery and radiation, respectively, in the man- 
agement of pineal region tumors are in chapters 5 and 7. 
Chapter 5 reviews the different surgical approaches to treatment 
as well as philosophies for the management of benign, malig- 
nant, and recurrent tumors. Chapter 7 describes the role of 
radiation therapy in the management of pineal and suprasellar 
germinomas, including spinal axis radiation. 

This useful text summarizes present-day knowledge of pineal 
gland physiology and pineal region tumors. The book is in- 
tended primarily for the radiation oncologist and the neurosur- 
geon, and is also of value to the neurologist and neuroradiolo- 
gist. 

Larry D. Greenfield 
City of Hope National Medical Center 
Duarte, California 91010 


Orbit Roentgenology. Edited by P. H. Arger. New York: Wiley, 274 pp., 1977. $48.00 


On the whole, these articles are well written, and technically 
this is a well done work with good type, pleasing page layout, 
high quality radiographic reproductions, and organization by 
easily found topic and subtopic headings. The text does not 
generally accompany illustrations, but this flaw becomes a 
distraction only with some of the anatomic descriptions. The 
references are more than adequate, including many since 1970 
and relatively few in foreign languages. 

Although a part of the Wiley Series in Diagnostic and Thera- 
peutic Radiology, this work is intended, according to the pref- 
ace, for ‘physicians who care for patients with orbit problems.” 
Thus the book should be of most interest to ophthalmologists, 
as well as endocrinologists, neurologists, and neurosurgeons. 
For the radiologist, the broadest appeal lies with the 100 pages 
dealing with Roentgen Anatomy of the Orbit, Fractures of the 
Orbit, Tumor and Tumorlike Conditions, Congenital and Devel- 
opmental Abnormalities of the Orbit, and Computerized Tomog- 
raphy of the Orbit and Orbital Lesions. These chapters are 
surprisingly complete for length (in fact, there is more anatomy 
than the radiologist may need) and constitute a convenient 
reference for most orbit problems. 

More specialized in appeal, but again surprisingly complete, 


are the 100 pages on External Carotid Supply to the Orbit, 
Ophthalmic Arteriography, and Orbital Venography. The first of 
these chapters covers development and anatomy well, but 
diagnostic importance is not made clear. Localization of masses 
by venography is explained in a thorough but understandable 
fashion and is illustrated well. 

The discussion of Endocrine Orbital Disease seems up-to- 
date but too clinically oriented for most radiologists. About 45 
pages are devoted to echography and should be of interest to 
someone wanting a good introduction to this field. | thought it 
noteworthy that a short section on Isotopes in Orbital Disease 
was included, while dacrocystography, air and positive contrast 
orbitography, and plain film foreign localization were not. 

| found little fault with the quality of this work, but | feel it 
could be made more valuable to the radiologist without detract- 
ing from its value to the clinician. It should be especially useful 
to the resident and should be considered as a succinct but 
reasonably comprehensive reference on plain film examination 
and vascular radiology of the orbit. 

Fred B. Ferguson, Jr. 
4115 Sears Road 
Columbus, Georgia 31907 
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Ultrasonics in Clinical Diagnosis, 2d ed. Edited by P. N. T. Wells. Edinburgh: Churchill Livingstone, 195 pp., 1977. 


$18.50 


This text isa brief and informative overview of basic ultrason- 
ography. As indicated in the preface, it is intended for medical 
students, radiology residents. and other physicians who wish 
an introduction to ultrasound. Although the practical and 
theoretical information offers only a superficial view for the 
practicing ultrasomographer, Wells includes a comprehensive 
bibliography following most chapters which suggests more 
selective readings. 

The introductory chapters on basic principles and diagnostic 
methods are extremely well Gone. The fundamental physics of 
ultrasound are simply stated. making this topic easily under- 
stood. The illustrations that accompany these first two chapters 
are excellent. White, Donald, and Taylor, all authorities in their 
special fields of ultrasound, provide simple, informative, and 
concise discussions of the brain, obstetrics-gynecology, and 
hepatobiliary tract, respectively. The diagrams accompanying 
the echograms throughout these chapters are quite informative 
and would be particularly useful to the reader who is not familiar 
with the various areas discussed. 


The chapter dealing with other ultrasonic invest gations of- 
fers the reader an insight into the more sophisticated aspects in 
ultrasound, in addition to the routine examinations discussed in 
previous chapters. The brief discussion on ‘‘angiology’’ was 
excellent, an area usually only superficially dealt with in ultra- 
sound ‘exts. 

In the chapter dealing with Biological Effects of Ultrasound, 
Hill discusses some of the more recent studies. Here the reader 
gets a Beling, as Hill so properly explains, that the study of the 
biological effects of ultrasound is still, after 50 years, in a rather 
primitiwe state. ’ 

Another useful section, especially to those setting up an 
ultrasound department, is in the appendix: Equipment for Ultra- 
sonic Diagnosis. Wells briefly describes types of ultrasound 
systems available and provides a worldwide list cf manufac- 
turers enc addresses along with types of units they produce. 

Steven Edell 
Hospital of the University of Pennsylvania 
Philadelphia, Pennsylvania 19104 


Pediatric Radiology. Medical Outline Series. By A. Oestreich. Flushing, N.Y.: Medical Examination Publishing Co., 


338 pp., 1977. $15 


Slanted primarily toward medical students, pediatric house- 
staff, and family practitioners, Pediatric Radiology provides 
some useful capsulized information. This book is organized by 
anatomic sections and, in outline form, presents tips on inter- 
preting films in children. Some sections seem stronger than 
others. The section on the genitourinary tract is particularly well 
Organized and should help medical students understand an 
excretory urogram by utilizing a gamutlike approach to diagno- 
sis. The section on the gastrointestinal tract also is quite good. 

Although the illustrations are only of fair quality, not unex- 


Books 


Receipt of books 's acknowledged as a courtesy to the sender. Books 
that appear of sufficient interest will be reviewed as space permits. 


Bone Marrow Transplantation and Other Treatment after Ra- 
diation Injuries. By H. Balner. The Hague: Martinus Nijhoff, 83 
pp., 1977. Dfl 27.50 

Neuroradiology Case Studies: 110 Case Histories Related to 
Neuroradiology. By A. E. George, B. Derby, and N. E. Chase. 
Flushing, N.Y.: Medical Examination Publishing Co., 383 pp., 
1977. $15 

Whole Body Computed Tomography. Radiologic Clinics of 
North America, 15:297-469, Dec 1977. Edited by R. J. Alfidi. 
Philadelphia: Saunders, annual subscription, 3 issues, $24 
Radiology for Medical Students, 3d ed. By D. Sutton. Edin- 
burgh: Churchill Livingstone, 153 pp., 1977. $9.95 

The Craniovertebral Region in Chronic Inflammatory Rheu- 
matic Diseases. By Y. Dirheimer. Berlin: Springer, 173 pp.. 
1977. $45.10 

Recent Advances in Ultrasound in Biomedicine, vol. 1. Edited 
by D. N. White. Farest Grove, Ore.: Research Studies Press, 256 
pp., 1977. $24.95 (exclusive distributor, ISBS, Forest Grove, 
Ore.) 

Progress in Pediatric Radiology, vol. 6. Skull, Spine and 
Contents. Part Il: Clinical Aspects. Series editor: H. J. Kauf- 
mann. Basel: S. Karger, 304 pp., 1978. $77.50 

Understanding Radiography. By S. S. Hiss. Springfield, IIl.: 
Thomas, 356 pp., 1978. 


pected in a soft-cover publication of this type, Oestreich has 
tried tc select obvious examples of specific lesions for illustra- 
tion. he has a fondness for eponyms, many of which are not 
generaly used and distract and confuse readers. 

Overall the contents are not particularly valuable for a radiol- 
ogist cr advanced radiology resident but should be useful for 
the medical student and nonradiologist. 

Robert T. Bramson 
Tampa General Hospital 
Tampa. Florida 33606 
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1977 Year Book of Cancer. Edited by R. L. Clark and R. W. 
Cumley. Chicago: Year Book Medical Publishers, 499 pp., 1977. 
$24.75 

Hip Arthrography. By P. Grech. Philadelphia: Lippincott, 106 
pp., 1977. $19.50 

Percutaneous Hepatography: The Kinetic Method of Injection 
of Comtrast Medium. By E. Deimer, translated by L. G. Rigler 
and K Kent. Stuttgart: Georg Thieme, 160 pp., 1977. DM 90 
The Lymphoid System. Methods of Clinical Irvestigation. 
Special edition of Lymphology. Edited by A. Engeset and T. 
Gocal Stuttgart: Georg Thieme, 112 pp., 1977. DM 35 
Cross-sectional Anatomy — An Atlas for Computerized Tomog- 
raphy Ey R. S. Ledley, H. K. Huang, and J. C. Mazziotta. 
Baltimore: Williams & Wilkins, 330 pp., 1977. $69.95 

Clinical Lymphography. Golden's Diagnostic Radiology, sec- 
tion 7 Edited by M. E. Clouse. Baltimore: Williams & Wilkins, 
326 pp., 1977. $35 

Radio@ocy of the Nose, Paranasal Sinuses and Nasopharynx. 
Golden's Diagnostic Radiology, section 2. By G. D. Dodd and B- 
S Jing. Baltimore: Williams & Wilkins, 342 pp., 1977. $37 
Obstetrical Diagnosis by Radiographic, Ultrasoric, and Nu- 
clear Methods. Golden's Diagnostic Radiology, section 10. 
Editec by J. A. Campbell. Baltimore: Williams & Wilkins, 207 
pp.. 1977. $29 

Symposium on Development of the Basicranium. Edited by J. 
F. Bosma. Washington, D.C.: U.S. Government Printing Office, 
700 pp., 1976. $13.25 (available from Superintendant of Docu- 
ments. Washington, D.C., (NIH) 77-989) 


News 


Pediatric Radiology 


The Department of Radiology and the Office of Continuing 
Medical Education of the University of Minnesota Medical 
School will present the 41st annual radiology continuation 
course on September 11-15, on the University of Minnesota 
campus. This year’s program will be devoted to pediatric radiol- 
ogy and will provide a comprehensive review of the applications 
of computed tomography, nuclear radiology, and ultrasound to 
pediatric radiology. 

Additional information is available from Continuing Medical 
Education, c/o Annual Radiology Course, Box 293 Mayo Mem- 
Orial Building, University of Minnesota, Minneapolis, Minnesota 
55455; telephone (612) 373-8012. 


Pediatric Radiology in the General Hospital 


The Boston University School of Medicine's Deprtment of 
Radiology will host a postgraduate course, Pediatric Radiology 
in the General Hospital, October 4-6 at Hyannis, Cape Cod, 
Massachusetts. The course is expected to be of interest to 
experienced general radiologists, pediatricians, pediatric sur- 
geons, primary care physicians, and to trainees and fellows in 
those disciplines. Emphasis will be on multiple imaging modal- 
ities as they apply to the diagnosis of disease of the chest, 
bones, kidneys, and gastrointestinal tract of infants and chil- 
dren. Recent advances will also be covered. 

For further information, contact Mary Bryant, Department of 
Continuing Medical Education, Boston University School of 
Medicine, 80 East Concord Street, Boston, Massachusetts 
02118; telephone (617) 247-5602. 


Courses in Ultrasound 


Three 8 week postgraduate courses in sonic medicine will be 
offered at Bowman Gray School of Medicine on the following 
dates: September 18-November 10; January 8-March 2, and 
April 2-May 25, 1979. These courses are designed to provide 
background, techniques, experience, and knowledge to enable 
an individual to set up both an ultrasound laboratory and a 
training program. Participants may attend the entire course or 
portions. Enrollment is limited. Graduates receive 30 hr AMA 
credit. The program covers acoustics, instrumentation, scan- 
ning and applications to obstetrics, gynecology, ophthalmol- 
ogy, adult and pediatric cardiology, the abdomen, the breast, 
radiation therapy planning, the urinary tract, and the nervous 
system. 

Three additional 2 day real-time courses are offered for 
obstetricians on September 14 and 15, November 16 and 17, 
and March 8 and 9, 1979. Ten Category | credits are earned per 
day. 

For further information, write to James F. Martin, Center for 
Medical Ultrasound, Bowman Gray School of Medicine, Win- 
ston-Salem, North Carolina 27103. 


Radiology of Trauma 


Radiology of Trauma is a postgraduate course scheduled for 
October 6 and 7 at the University of Nebraska Medical Center in 
Omaha. Guest faculty members will be R. H. Freiberger, Hospi- 
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tal for Special Surgery, New York City; J. H. Harris, Jr., Thomas 
Jefferson University Hospital, Philadelphia; and G. D. Potter, 
Columbia Presbyterian Hospital, New York City. Other faculty 
will be from the University of Nebraska Department of Radiol- 
ogy. The program is designed for radiologists, orthopedic 
Surgeons, family practitioners, and emergency room physi- 
cians. For information, write to R. K. Harned, Department of 
Radiology, University of Nebraska Medical Center, 42nd and 
Dewey Avenue, Omaha, Nebraska. 


Computed Tomography Course 


The Department of Diagnostic Radiology, Rush Medical Col- 
lege and Rush-Presbyterian-St. Luke's Medical Center, will hold 
a course in computed tomography in Chicago, September 21- 
23. Time will be divided almost equally between CT scanning of 
the head and body. Two brief introductory lectures on the 
physics of CT scanning are also scheduled, but the bulk of the 
course will be devoted to practical applications of this tech- 
nique. In addition to members of the Rush Medical College 
faculty, guest speakers will include: H. L. Baker, Jr., and B. 
Williamson, Jr., both Mayo Clinic; G. De Chiro, National Insti- 
tutes of Health; M. Gado and M. M. Ter-Pogossian, Mallinckrodt 
Institute of Radiology; J. Haaga and T. H. Meaney, Cleveland 
Clinic; S. K. Hilal and P. M. Joseph, Columbia University College 
of Physicians and Surgeons; |. Isherwood, Manchester 
(England) Royal Infirmary; S. A. Kieffer, Upstate Medical Center, 
Syracuse, New York; |. |. Kricheff, New York University School 
of Medicine; P. F. J. New, J. M. Taveras, and J. Wittenberg, 
Harvard Medical School; and D. Norman, University of Califor- 
nia, San Francisco. Further information can be obtained by 
writing Michael S. Huckman, Section of Neuroradiology, Rush- 
Presbyterian-St. Luke’s Medical Center, 1753 West Congress 
Parkway, Chicago, Illinois 60612. 


Cardiovascular Radiology Fellowship 


The Department of Radiology, Harvard Medical School-Peter 
Bent Brigham Hospital, has announced a Cardiovascular Ra- 
diology Research Training Program commencing July 1, 1979. 
The principal purpose is to prepare individuals for academic 
careers with subspecialty emphasis in cardiovascular radiology. 
Fellows will receive intensive training in the performance and 
interpretation of coronary arteriography and cardiac catheteri- 
zation, abdominal and peripheral angiography, pediatric an- 
giography, and angiocardiography of congenital heart disease 
with particular reference to the application of these methods to 
investigative problems. Fellows will participate fully in the 
departmental research program, with the opportunity to work 
on studies of their own choosing or on a variety of clinical and 
experimental cardiovascular investigative projects which are 
currently being pursued by individual staff members. The pro- 
gram is funded by the National Institutes of Health, extends for 
a 2 year period and is open to individuals who have completed 
an accredited residency in radiology or its equivalent. For 
further information, contact H. L. Abrams, Department of Ra- 
diology, Harvard Medical School, 25 Shattuck Street, Boston, 
Massachusetts 02115. 
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Ultrasound of Abdomen and Obstetrics 


An advanced seminar on ultrasound of the abdomen and 
obstetrics will be held August 21-23 in Lake Buena Vista, 
Florida. Sponsors are Bowman Gray School of Medicine and 
Orlando Regional Medical Center. Guest lecturers will include: 
H. M. Goldstein, K. R. Gottesfeld, G. R. Leopold, R. C. Sanders, 
K. J. Taylor, and F. Winsberg. Fee is $200 for physicians; $125 
for residents and sonographers. For information, contact J. F. 
Martin, Center for Medical Ultrasound, Bowman Gray School of 
Medicine, Winston-Salem, North Carolina 27103. 


San Diego Postgraduate Course 


The third annual postgraduate course sponsored by the San 
Diego Radiology Research and Education Foundation and the 
American College of Radiology will be October 16-19 in San 
Diego. Topics will include all areas of diagnostic radiology 
including ultrasound and computed tomography. Faculty mem- 
bers will be: J. R. Amberg, R. N. Berk, J. J. Bookstein, F. J. 
Brahme, M. N. Coel, D. K. Edwards, D. Feigen, J. V. Forrest, P. 
J. Friedman, B. B. Gosink, G. D. Greenway, C. B. Higgins, E. C. 
Lasser, G. R. Leopold, D. Resnick, F. W. Scheible, L. B. Talner, 
G. I. Wickbom, all University of California, San Diego. Guest 
faculty will include: R. J. Alfidi, G. D. Dodd, R. H. Gold, M. T. 
Gyepes, D. C. Harwood-Nash, H. G. Jacobson, M. Korobkin, D. 
Normal, and L. E. Swischuk. 

The course is approved for 26 hr AMA Category | credit. Fee 
is $275. For registration and information, contact Nomi Feld- 
man, Box 705, La Jolla, California 92038. 


Two Courses: Genitourinary and General 
Diagnostic Radiology 


The Department of Radiology, New York Hospital-Cornell 
Medical Center, has scheduled two postgraduate courses. The 
first, Genitourinary Radiology, will take place October 6-8 in 
New York City. Fee is $250; $150 for fellows and residents. A 
total of 21 hr AMA Category | credit is available. General 
Diagnostic Radiology will take place February 5-9 at the Cerro- 
mar Beach Hotel. Puerto Rico. Fee is $275; $150 for residents 
and fellows. This course will carry 22'/2 hr AMA Category | 
credit. For information on both courses, write to J. A. Evans, 
program director. Department of Radiology, Cornell University 
Medical College, 1300 York Avenue, New York, New York 10021. 


ACR Coding Index for Nuclear Radiology 


The American College of Radiology has announced the avail- 
ability of a diagnostic coding index for nuclear radiology. This 
new reference provides a logical systematic means by which to 
classify cases and information. The index contains nine major 
anatomic areas divided into two sections: systems-procecure 
code and pathologic code. The nomenclature is compatible 
with that of the Society of Nuclear Medicine and the California 
RVS. A special feature is that the code can be easily adapted to 
computer systems for data storage and retrieval. For quick 
reference, the code divisions are distinguished by upper- and 
lowercase print in different colors, and each volume contains a 
wall chart to provide an overview of the codes. The index is 
available to College members and fellows at $8 and to nonmem- 
bers at $10. To order, write the American College of Radiology, 
6900 Wisconsin Avenue, Chevy Chase, Maryland 20015. 


Diagnosis of Liver Metastases 


The European Organization for Research on Treatment of 
Cancer is organizing an International Symposium on the Diag- 


nosis of Liver Metastases for November 30-December 2 in 
Brusse s. The symposium will analyze various diagrostic meth- 
ods new in use and discuss their optimal combination for 
detectin of liver metastases. For information, contact H. Blei- 
berg, Jules Bordet Institute, 1 rue Héger Bordet, 1000 Brussels, 
Belgium. 


Symposium on Pituitary Microadenomas 


An Imtemnational Symposium on Pituitary Microad2nomas will 
take piace October 12-14 in Milan, Italy. The program will 
consist of some 20 invited lectures on the biologic, endocrinol- 
ogic, reuroradiologic, and neurosurgical aspects of microad- 
enomes, two open discussions, Problems in Pathogenesis of 
Pituitary Microadenomas and Problems in Treatmen: of Pituitary 
Microadenomas, and about 30 free communications. 

Information is available from the Secretariat of the Interna- 
tional Symposium on Pituitary Microadenomas, Clinica Neuro- 
chirugica dell'Università, Ospedale Policlinico, Pad. Beretta via 
F. Sforza 35, 20122 Milano, Italy. 


Radiology of Bones and Joints 


A postgraduate course, Radiology of Bones and Joints spon- 
sored dy the College of Physicians of Columbia University will 
be October 17-20 in New York City. The course is designed for 
radiolegists, orthopedists, and rheumatologists, ard wil! cover 
basic and current concepts of skeletal radiology and topics 
relating to the pathology, physiology, and treatmert of skeletal 
disease. The course carries 24 hr AMA Category crecit. For 
further information, contact Frieda Feldman, Department of 
Radiology, Columbia-Presbyterian Medical Center, 622 West 
168 Street, New York, New York 10032. 


Adjuvant Therapy of Cancer 


The second International Conference on the Adjuvan: Ther- 
apy of Cancer will be held in Tucson, March 28-31, 1979 under 
the sponsorship of the Cancer Center Division of the Un versity 
of Arizona. Deadline for submission of abstracts prepared in 
the format of AACR/ASCO) is December 1. For further informa- 
tion, write Ellen Gerrity, Conference Coordinator, Cancer Cen- 
ter Diwsion, University of Arizona, Tucson, Arizona 85724. 


Diagnostic Sonography Update 


Vanderbilt University's Department of Radiology will host a 
course, Diagnostic Sonography Update: 1978, in Nashvi le July 
10-12. There is no registration cutoff date. Category | credit is 
available For information, contact Sally Oliver, Division of 
Diagnostic Ultrasound, Department of Radiology, Vanderbilt 
University School of Medicine, Nashville, Tennessee 37232. 


Radiation Council Election Results 


Seven new members have been elected to the National 
Council an Radiation. Six members were reelected. The coun- 
cil, successor to the National Committee on Radiation ?rotec- 
tion and Measurement, was chartered by Congress in 1964 as a 
nonprofi: corporation to collect, analyze, and disseminate sci- 
entific information and recommendations about radiation mea- 
surements and protection against radiation. 

Neve members are: S. J. Adelstein, director, Division of 
Nuclear Medicine, Peter Bent Brigham Hospital, Bostor; B. B. 
Golcberg. professor of radiology, Thomas Jefferson University, 
Philadelphia; D. Grahn, Division of Biological and Medical 
Research, Argonne (Illinois) National Laboratory; T. A. Lincoln, 
assoc ate medical director, Union Carbide Corp., New York 
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City; J. McLaughlin, director, Radiation Physics Division, Envi- 
ronmental Measurements Laboratory, U.S. Department of En- 
ergy, New York City; C. B. Meinhold, Safety and Environmental 
Protection Division, Brookhaven National Laboratory, Upton, 
Long Island; J. E. Turner, Oak Ridge (Tennessee) National 
Laboratory. 

Reelected to council membership are: G. W. Casarett, De- 
partment of Radiation and Biophysics, University of Rochester 
(New York) Medical Center; J. H. Harley, director, Environmen- 
tal Measurements Laboratory, U.S. Department of Energy, New 
York City; J. M. Heslep, State Department of Health, Berkeley, 
California; C. W. Mays, Radiobiology Laboratory, University of 
Utah; P. E. Morrow, professor, Radiation Biology, Biophysics, 
and Pharmacology, University of Rochester; R. D. Moseley, Jr., 
Department of Radiology, University of New Mexico, Albuquer- 
que; D. W. Moeller, Harvard School of Public Health, Boston, 
was elected as a new member to the Board of Directors. Elected 
to serve a second term as president was W. K. Sinclair, associ- 
ate laboratory director, Biomedical and Environmental Re- 
search, Argonne National Laboratory. H. L. Friedell was elected 
to serve a second term as vice president. He is currently 
director, Department of Radiology of the University Hospitals, 
Case Western Reserve University, Cleveland, Ohio. 


Meeting and Course Review 


For reader convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings of these events ap- 
peared in journal issues indicated in parentheses. 

Nuclear Medicine and Biology Congress, September 18-21, 
Washington, D.C. (January). 

Ultrasound Meeting, October 19-23, San Diego (March). 

South African Radiological Congress, August 31-September 
6, Johannesburg (March). 

Angiography and Vascular Disease, course, September 18- 
21, San Diego (April). 

Problem Oriented Diagnostic Imaging, course, July 30-Au- 
gust 4, Ocean City, Maryland (April). 

American Association of Physicists in Medicine Meeting, July 
31-August 3, San Franciso (April). 

Italian Radiology Course, September 25-29, Rome (April). 


Postgraduate Course in Diagnostic Radiology, July 31-Au- 
gust 5, Atlantic Beach, North Carolina (May). 

Skeletal Society Meeting, September 1-3, Boston (May). 

European Angiography Course, September 4-8, Leiden, Hol- 


land (May). 

International Diagnostic Radiology Seminar, July 20-August 
3, Fiji (May). 

Gastrointestinal Symposium, September 9, Los Angeles 
(May). 

Physics School, course, July 23-28, Santa Cruz, California 
(May). 

Maine Nuclear Medicine Seminar, August 13-18, Waterville, 
Maine (May). 


CT and Patient Management, and Imaging of the Heart, two 
symposia, July 30-August 2 and August 2-6, respectively, Or- 
lando, Florida (June). 

CT for the Diagnostician, course, September 25-28, Boston 
(June). 

International Body Imaging Conference, October 14-22, 
Maui, Hawaii (June). 

Current Concepts in Diagnostic Radiology, course, October 
23-27, Bermuda (June). 

CT in Radiotherapy, workshop, March 28-30, 1979, Geneva, 
Switzerland (June). 

CT and Ultrasound: Current Perspectives, October 26 and 
27, Houston (June). 

Cardiopulmonary Radiology, seminar, October 13-15, Dallas 
(June). 

Diagnostic Ultrasound in Obstetrics and Gynecology, 
course, September 7 and 8, Baltimore (June). 


AJR carries relevant announcements of courses and 
symposiums if received a minimum of 4 months in ad- 
vance of the event. There is no charge. Mail announce- 
ments to the Editorial Office, American Journal of Roent- 
genology, 403 Pacific National Bank Building, 4545 15th 
Avenue N.E., Seattle, Washington 98105. Items will not 
be acknowledged. 











The new CAT LEASE PLAN — 
just another example of the many 
specialized financing plans contin- 
ually being developed by Scien- 
tific Leasing to meet the needs of 
the growing medical and scientific 
technologies. If you haven't con- 
sulted Scientific Leasing, you may 
not have found the best route to 
scanner acquisition. 


Scientific Leasing couples its 
scier tific expertise with its mas- 
sive financial resources to fulfill 
the specific needs of the expand- 
ing community of computerized 
tomographic scanner users. We 
were there with one of the first 
CAT scanner leases at a major 
New England medical center two 
years ago and we have followed 
with many more CAT scanner in- 
stallations throughout the U.S. 
The evolving scanner technology 
likely will be subject to continual 
systems improvements in the fu- 
ture. As these new developments 
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and innovations come along — e.g. 
faster scan times, better resolution 
and tissue definition, improved 
detector sensitivity — you wi! 
want the privilege of adding these 
future updates to the scanner you 
are now acquiring. Scientific Leas- 
ing, of course, understands this 
vital need and automatically wi! 
provide updating options within 
its CAT LEASE PLAN. You will 
never be ‘locked-in’ to an inflex- 
ible contractual rental oblication, 
typical of the general or commer- 
cial lessor, when you enter the co- 
operative partnership which char- 
acterizes the Scientific Leasing 
Plans. 


For information about our new 
CAT LEASE PLAN or for assist- 
ance in acquisition of other majer 
capital equipment call or write us 
today, without obligation. You ll 
enjoy working with the experienc- 
ed reliable professionals at Sciem- 
tific Leasing. 


Contact the experienced professionals: 


SCIENTIFIC LEASING INC. man orice 


111 FOUNDERS PLAZA, èe EAST HARTFCRD, CONNECTICUT 06108 e 


National service from principal cities. 





Cross-sectional scan capability 








Representative CAT display 


THE CAT LEASE PLAN, AVAILABLE 
ONLY THROUGH SCIENTIFIC LEASING, 
is open to qualifying: 
LJ) non-profit hospitals* 
C] proprietary hospitals* 
physician groups & clinics 
professional corporations 
C] individual practitioners 


* Evidence of Certificate of Neec 
(P.L. 93-641) may be required. 


allows acquisition from: 


C] Artronix C] Pfize- 
[] AS&E L] Philips 
C] Elscint [C] Picker 
C] EMI L] Searle 
[C] General Electric L] Syntex 
C] Ohio-Nuclear Varian 


other recognized manufacturers 


with choice of lease term: 


L] 3 years [O 6 years 


L] 8 years 
C 5years (J 7 years 


(203) 289-8201 


Simple keys for complex analysis 


Patient related header 
provides patient name, I.D. 
number, run number, scan 
date, contrast, number of 
slices, anatomical reference 


Scan parameters header 
shows run number, scan 
speed, number of views, 
slice thickness, slice angle, 
anatomical reference, and a 
listing of scans with distance 


Image Annotate (lower left) 
allows addition of scan 
parameters to the image. 
Measure Distance 
measures between any two 


Magnification with 

cursor allows selectable 
magnification of a desired 
area. You can choose fixed 
2X magnification or variable 


points and calculates 
inclination angle. 


1 to 10X magnification 


point, etc. of any image. 


from reference, kVp, mA, etc. 





Grid Coordinates can be 
superimposed over the 
image. Or, a grid calibrated 
in 1 cm intervals, without 
coordinates, may also be 
superimposed. 


Region-of-Interest allows the user to calculate area (sq. cm.), 
mean CT number value and standard deviation using the 
trackball to position a variable sized rectangle or, in the trace 
mode, to outline an irregular ROI. A “Rubber Circle” command 
highlights pixels according to the CT number values you 
select, and provides RO! data for that highlighted area. 


Identify button causes 
selected CT number values 
within the image to “blink,” 
allowing rapid identification 
of tissue in a specific 
density range. 
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Youd expect it from GE. 


Now you can analyze CT/T’s 

superior images with function 

key simplicity. 

Our new System Diagnostic Center (standard 
with CT/T 7800 and 8800) features convenient 
function keys. Just depress the desired key, 
and advanced software does the rest. A 
trackball allows fast, accurate positioning of 
the cursor or rectangle. 


You get complex data in seconds, including: 
region-of-interest calculations; distance 














measurements; scan parameters; patient data; 
and “dynamic blinking” identification of specific 
tissue densities. 


And, if you'd like a fully independent console for 
data manipulation in your reading room or any 
other location, GE also offers the Independent 
Diagnostic Center. It’s ideal for high referral 
volume. IDC gives you all the capabilities of the 
SDC and more—keeping your scan room 
available to serve patients. 


The CT/T system: superior analysis and 
superior images. A direct result of GE’s 
continuing commitment to diagnostic imaging. 
A commitment you can count on—now and 

in the future. 


General Electric Medical Systems, 
Milwaukee, Toronto, Madrid. 


100 Years of 
Progress for People 


GENERAL QA ELECTRIC 





The CT/T Continuum. Best imaae 





29 INTERNATIONAL 
EMINENT SPEAKERS 


WILL BE IN JOHANNESBURG 


FOR THE 
Ath SOUTH AFRICAN 
INTERNATIONAL 


RADIOLOGY CONGRESS 


31 AUGUST — 07 SEPTEMBER 1978 


The theme of the Congress will revolve 
around organ imaging with extensive coverage 
of the latest trends in all aspects of Ultra- 
sound and C.T. Scans of the Brain and Abdo- 
minal Organs. 


There will also be numerous sessions of 
the latest trends in General Radiological 
procedures, and both separated and inte- 
grated sessions on Nuclear Medicine. 


THE INTERNATIONAL INVITED 
SPEAKERS WHO WILL COVER 
THEIR RESPECTIVE FIELDS 

ARE FROM USA, CANADA, 
UNITED KINGDOM, FRANCE, 
WEST GERMANY, AUSTRALIA, 
ISRAEL AND GREECE, 
TOGETHER WITH HONORARIUMS 
FROM MANY OTHER COUNTRIES. 


The American College of Radiology 
have approved the Congress for 41 hours of 
Category One Credit 


FOR FURTHER INFORMATION 
PLEASE CONTACT: 


DR. PETE REICHMAN OR RAND TRAVEL 


P.O. BOX 2251 P.O. BOX 50010 
JOHANNESBURG RANDBURG 
2000 2125 


TELEX: 80051 SA 
OFFICIAL AGENT 


TELEPHONE: (011 224411) 
CONGRESS ORGANISER 


New... MOT 


X-RAY V 
48 FILMCA 


EQUIVALENT OF 6-4 
VIEW ANY FILA 
IN 7 SECONDS 
OR LESS! 





o FEATURE 
e Specially designed for Radiologists’ 
and Reading Rooms. 
e Sit and view 48 films without movi 
handling films in and out of enveloy 


e Touch control-random access make 
less than seven seconds. 


e Holds 14 x 17” or any smaller size. 
sizes at top and bottom of each fra 
© 48 — 14x17" film capacity. 
12 — 4 Panel wide frames. Viewed : 


e Lights individually controlled for e¿ 
No light spillover between sections. 


e Rugged and compact. 70” wide, 79 
Entire machine can be moved from 


e Inexpensive; purchase justified whe 
are out of the question. 


e No installation. Roll it in and opera 
e Attractive modern styling for every 





Made in USA by S & S, who ha 
viewers than anyone else in the w 
dealers backed up by S & S parts i 


S. & S. X-RAY PRODUCT 


The Complete Line < 
X-Ray Accessories 
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87-93 JAY STREET, BRC 











ND 8000 


The quality of a tomodensitometer is defined 

by four main characteristics. 

e Density resolution e Patient dose 

e Spatial resolution e Linearity of response 

The first three parameters are interdependent. Improvement of one 
Cannot occur without sacrificing one or both of the others. 
And on the other hand, if only a single “best combination” 
of parameters is available, image quality is most certainly 
compromised for all cases. CGR recognizes this problem 
Depending on the anatomy to be examined, 

the user may select the most important parameter. 
superior image quality is thus always maintained. 





ND 8000 unique selection of data acquisition modes permits 
optimum image quality with minimum 
radiation to the patient. 


DOSE UTILIZATION 

Excellent total radiation control by effective 
primary and secondary collimation. 

Useful dose always at optimum minimum 
value due to user-selected modes and 
high efficiency detectors. 


selective beam filtration and slice 
thickness depending on level being 
examined. Excellent density resolution 
0.2 % at a Spatial resolution of 

4.5 cycles/cm. For study of intracerebral 
abnormalities in the primary stage. 


Exceptional spatial resolution. 7 cycles/cm 
at a density resolution of 1.0 %. For analysis 
of the orbits, auditary canals and other fine 
detail structures. 


Patient dose: 

- 0.23 Rads (skin) 0.1 Rads (orbit) in fast 
scan high spatial resolution mode 

- 1.45 Rads (skin) in high density resolution 
moge. 














ne patient head 
holder allows 
angulation af the 
head in 
conjunction with 


me gantry angulation 


Eto provide the 
best anatomical 
onentation af the 
cerebral level to 
be examined, as 
well as the most 
mfortable 
position for the 
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performance 
never occurs 


ND 8000 


Total image display and functions create the most advanced, yet 
interpretation capability is immediately easiest to use, analysis system available. 
available. Three ND 8000 image console 

versions are available. Depending on 

Even if data acquisition is application, providing a minimum of 
excellent, optimum diagnosis is only 8 basic functions up to 24 more 
possible if images are properly sophisticated capabilities. 
processed and presented. A display Each console includes a dedicated 
console with complete image analysis gata processor, contributing to even 
Capability is mandatory. faster patient examination and image 


Automatic and multiple processing diagnosis. 
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E. THE UNCOMPROMISING 
COMPRESSION PLATE... 
for AOT and Puck filmchangers. 
A plate which combines very low 
x-ray attenuation with perfect 
screen/film contact. The result is 
excellent image contrast and 
optimum resolution at all exposure 
rates, lower kV, less patient 
radiation, less scatter, less fog, 
and greater freedom in optimi- 

zation of exposure technique. 


The new carbon fiber compression 
plate is a significant advancement in 
radiology, and is a standard feature in 
all new AOT-S and Puck filmchangers. 
Most changers now in use can be 
retrofitted with this uncompromising 


This new pole adds height to the vaulter’s record, 
because it is made of carbon fiber reinforced 
plastic (CFRP). The same material is used in 
Schonander’s new front compression plate for 
AOT and Puck cutfilm changers. 


CFRP is the result of new material 
technology, and may well become the 
material of the future. It features 
properties such as tensile strength 
greater than that of steel and the 
ability to survive millions of tensile or 
bending cycles. These characteristics 
together with CFRP’s very low x-ray 
attenuation are now a benefit to 
radiology. 


Materials previously used in film- a 
changer front plates have always A 





been compromises. Aluminum gt Fee compression plate 

provides perfect screen/film con- e ME ag : 

tact, but at the cost of higher d PO Bae eS Be sure to 

x-ray attenuation. Bakelite ef te ` specify 

has low x-ray attenuation Schonander... 

but less screen/film and reach new 

contact at higher heights in 

exposure rates. angiographic 
results. 





After years of re- 
search, conducted in 
close co-operation 
with the manufac- 
turer of CFRP... 
Elema-Schonander 
proudly presents... 


When a better idea ra NYEN 
in film changers ae 
comes along, CON J 


it will come from us. 
elema-schonander 









The secret toj enhanced 
angiographiciresults 
is in this} pole. 












Up 90'to Deluxe Quality, 
Down 15'to Economical Price! 





Philips’ full family of R/F systems offers every- and routine radiography with no ceiling sus- 
thing you need for universal diagnostics. pension required for any imaging systems 

We're especially proud of the Diagnost 53, a combination! 

90°/15° tilting table for universal diagnostics. Efficient, non-fatiguing operation of the fully 
(In tandem with the power, performance, integrated, physician-oriented, power-assisted 
operational and service simplicity of one of spot film device lets you devote all your time 
our three-phase, high output Classic Genera- to the examination. 


ors, you have a classic combination! | l N , 
is Aiai bination!) Optimal geometric conditions, automatic 


The Diagnost 53 is engineered with Philips’ fluoroscopy control, Anatomically Programmed 
sophisticated specifications, yet priced in the 
very affordable middle range. It gives you full 
facilities for fluoroscopy, spot film radiography 





PHILIPS MEDICAL SYSTEMS, INC. 


710 Bridgeport Avenue, Shelton, Conn. 06484 


Diagnost 53 


Requires no ceiling suspension 
for any imaging systems combination 





Radiography (available with Philips Join the Philips family. It’s more than quality 
Modular Generators), and extensive spot film systems working for you: it’s dedicated experts 
device travel are just some of the reasons working wah you. 


you're assured of full value with consistently 
optimum diagnostic information. 





PHILIPS 





Obviously, he wants a sturdy, heavy-duty table that 
will 39, through the full 105° cycle a few hundred- 
thousand times without ever a hitch. 
Amrad’s new table meets those 
Pd requirements 
iy | admirably—but it 
goes through those 
cycles more smoothly 
than any table ever has 
before. A built-in com- 
puter monitors and 
“cushions” the stops and starts. It’s 
a feature that adds considerably to pa- 
tient ease and comfort. 






But it’s time, too, for somebody to start 
paying attention to the radiologist’s 
ease and comfort. And Amrad 
does—with a table pivot-point relo- 
cated to lower the top to just 32 inches. 
Thats the height a technologist ex- 
pects from a non-tilt table, 
and it’s a good deal handier for 





fluoroscopy, too. Another major ad- 
vantage for the radiologist is the 
offset tower—leaving no obstruction 

behind the spot-film device. 
That allows you such new 
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What the farsighted radiologist 
looks for in a tilt table. 








techniques as cross-table 
radiography during 
fluoroscopy, or a 
fluoroscopic exam of 
a litter patient. 


And the manual, four- 
way floating top not only lit- 
erally doubles fluoroscopic coverage, it also allows 
complete coverage of a radiographic patient with 
practically no physical contact. The table-top-to-film 

distance is less than many non-tilt tables— 
-*™ and that makes Amrad’s super floroscopic 


~~ table an ideal radiographic table as well. 


For the technologist that built-in mini-computer 
is constantly 
monitoring, 
reminding and 
helping with 
procedures. 
And for the 
fluoroscopist an 
exclusive Amglide assist matches your touch pre- 
cisely. There’s no “feel” of a power drive. One knob 
on the staging tunes the effort—from feather light to 
firm. You’ve never felt anything like it. 


b 6 > @ 
FLUORO TUBE TABLE TOP TUBE STAND UNDER TABLE 
; ant 


No other table 
today offers you 
such quality. Yet an 
Amrad R/F room is 
priced well within 
cost-containment 
and certificate-of- 
need guidelines. 
Phone collect for information and 

the name of your local dealer. 


J ü 
A Raytheon Company 


The common-sense people in x-ray. 


Amrad 2020 North Janice Avenue, 
Melrose Park, Illinois 60160 (312) 865-2600 


FISCHER SRA 
Radiographic/ Tomographic Systems 


Affordable elegance in x-ray equipment 


Model 20G table with tomographic system allows wide range of radiographic procedures 


e Perform radiography or linear tomography 
e 500mA/125kVp output 
e Choice of two float top tables 


System allows for basic radiography, or radiography and 

linear tomography. Single phase, solid-state generator 

provides output of 500mA at 100kVp and 300mA at 125k\ip 

one or two-tube capabilities. System includes either of FE ISCH = XER WY, 
Fischer's new four-way, float top tables: the Model 200 

radiographic/tomographic table or the Model 100 An established manufacturer 
radiographic table. Both allow rapid, precise patient of radiographic equipment, 
positioning and full radiographic coverage. serving the medical profession 
Mammographic option accommodates all technics, since 1910. 

including xeroradiography, low dose and non-screen 

film technics. 


Write or call for detailed information, or the name of yau 
local FISCHER X-RAY Representative. 
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PATHOLOGY IN COMPUTED , 
TOMOGRAPHY OF THE BRAIN 


SCOTT D. HENDERSON 
Senior Computed Tomography Technician 


PEDIATRIC RADIOLOGY Rush-Presbyterian-St. Luke’s Medical Center 
September 11-15, 1978 | Chicago, Illinois 


THE DEPARTMENT OF RADIOLOGY È 
UNIVERSITY OF MINNESOTA 
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announces 


Pr 


Š 41st Annual Course 
9 


A five-day comprehensive review 
for practicing radiologists, 
including 


This reference is designed for use by all persons concerned 
with computed tomography of the brain, from technolo- 
gists to radiologists. A large number of scans are included 
to familiarize the reader with pathology as demonstrated on 
such scans. 


(7. 


The applications of 


° mputerized tomograph = 
Comp grapny Che atlas contains over 800 pictures representing more than 


e Nuclear Radiology 100 cases of pathology. These cases are arranged, according 
° Ultrasound to pathology, into nineteen chapters. The presentation of 
to Pediatric Radiology today the scans in each chapter is preceded by a general descrip- 


; tive explanation of pathology as seen on the CT scan. 
For further information contact: I g) 


Continuing Medical Education For example, the introduction to the first chapter reads, in 
c/o Annual Radiology Course part, “On the CT scan, atrophy of the brain appears as the 


ae widening of the cortical sulci and the slight compensatory 
Box 293 Mayo Memorial Building dilatation of the ventricles. The sylvian fissures may be 
University of Minnesota 


quite prominent. If there is a localized defect in the brain, 
Minneapolis, Minnesota 55455 there may be hemiatrophy of one of the cerebral hemis- 


Telephone (612) 373-8012 es 
EQUAL EDUCATIONAL OPPORTUNITY : spec ific scans as examples. 


PAP ILI ILDILID LPOVLP CLD ILI ILI ELD LP ELPA DELP VLD LD LP? 


pheres.”’ In these descriptions, the text refers the reader to 


Chapters are included for: 

LDPVLP ELPA PLP LP LOD LPL PLD LP LDL LPL PD LD LP? 
ee Atrophy 
Cysts and Porencephaly 
Hydrocephalus 
Infarcts 
Intracerebral and Subarachnoid Hemorrhages 
Subdural and Extradural Hematomas 


THE AMERICAN JOURNAL 
OF 
ROENTGENOLOGY 


@ 
è 

o 

@ 

* 

è 

è Aneurysms 

e Arteriovenous Malformations 

e Abscesses 

è Orbitals 

e Pituitary Adenomas and Craniopharyngiomas 
e Pinealomas 

èe Meningiomas 

e Acoustic Neuromas 

e Gliomas 

CONSOLIDATED INDICES e Medulloblastomas 
e Metastases 

e Tuberous Sclerosis 
8 


Volume I —(1903-1937)— Out of Print 
oes #1938-1942)— $10.00 Since certain of these pathologies present in a characteristic 
Volume III —(1943-1947)— 22.50 manner on the CT scan, a reasonable approach to the study 
Volume IV = J948-1952)— 23.50 of pathology is to review a large number of scans catego- 
Volume V <f 1953.7057) 25.00 rized according to specific pathologies. This book provides 

just such an opportunity. It illustrates both the potential 
Volume VI —(1958-1962)— 23.50 and the limitations of this diagnostic technique. It will 
Volume VII —( 1963-196 7)— 30.00 greatly facilitate learning, and will continue to serve the 
Volume VIII —(1968-1972)— 40.00 tomography technician, resident, and practicing radiologist 


as a reference of unparalleled comprehensiveness and 
clarity. '78, 216 pp. (6 3/8 x 9 5/8), 839 il., $17.50 
Orders with remittance sent, on approval, postpaid 


301-327 EAST LAWRENCE 
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Springfield, Illinois 62717 
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management allows programmable 





New Fluoricon L300: the unparalleled, 
9” triple field, suspensionless 
intensifier with high frame rate 


photospot camera. 
Improved imaging in a new lightweight, suspen- Suspensionless intensifier design with patented 
sionless package—the Fluoricon® L300. power assist provides easy operation— 
Higher resolution and higher contrast ratios even in the smallest R&F room. 






for more diagnostic detail. 


User selectable dose rate provides 
added video gain when needed for 
obese patients, and facilitates lowest 
dosage for young or thin patients. 


MPX computerized technic 


Fluoricon L300 is part of GE’s totally new 
R&F system, including MPX computerized 
generators with Quantamatic™ technic 
management, and the unsurpassed 

RFX table/spotfilmer. A complete, 
compact system for the ultimate in 
performance. And it’s easier than 


ever to use—w th no hang ups. 
tableside control of spotfilm and ae 


photospot technics. Facilitates You'd expect it from GE. 


all exams, including pediatrics. : | General Electric Medical Systems, 
a Milwaukee, Toronto, Madrid. 
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- Onthe button, 
every time. 
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MPX computerized a ia, With over 200 os ep — 

~ N and fixed time technics (on or o 
generators give you table) available, you can handle 
high quality films, virtually every patient size. From 
tim e aft er tim e. infant to obese adult. And any body 


part, including extremities. You'll 
get standardized film quality, from 


’ in ™ 
That's because Quantamatic™ tx exam to exam, room to room. 


technic management consistently 
provides the right settings for each 
procedure, with microprocessor 
speed and precision. 


Fast, consistent technic selection 
means more time for patient 
positioning. And elimination of 
costly retakes. With MPX, you're 


You can store all your technics in right on the button every time. 


the tx memory for instant access. Just press the 


appropriate selection buttons and the microprocessor You'd expect it from GE. 
instantly calculates and displays all technic parameters. General Electric Medical Systems, Milwaukee, 
Any setting may be overriden on command. Toronto, Madrid. 
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Hanley Space Saver X-Ray and Medical Record Cabinets 
are instelled in most hospitals in America. 


Top qua ity and low price is the reason. 
5 compartment with doors—$199.50 
5 compartment less doors—$171.50 
Brochure F.O.B. Factory 


AMERICA'S LARGEST DISTRIBUTOR OF X-RAY CABINETS 


HANLEY MEDICAL EQUIPMENT CO. 
5614 South Grand X-Ray Division St. Louis, Mo. 63/11 


In reply to advertisers 
please mention that you saw 
their advertisement in 


THE 
AMERICAN JOURNAL OF 


ROENTGENOLOGY 


published monthly for 
The American 
Roentgen Ray Society 
by 


CHARLES C THOMAS e PUBLISHER 
Springfield, Illinois 62717 


CHARLES C THOMAS + PUBLISHER 


èe THE FUNDAMENTALS OF X-RAY © 
AND RADIUM PHYSICS 


Sixth Edition 


By Joseph Selman, Tyler Junior College, Tyler, Texas. 
This is the text against which all other tomes of similar 
Intent are measured. It is a classic introduction to x-ray and 
radium physics that is now in its Sixth Edition. A number 
of topics are, by virtue of their increasing importance, intro- 
duced for the first time or greatly expanded from previous 
editions. Ibese include the development of new types of 
intensifyme screens, the basic phenomena of luminescence 
of phosphors, the problems encountered in focal spot eval- 
uation, the basic principles of direct magnification radiog- 
raphy, and the concept of modulation transfer function. 


Other subjects receiving special attention include the advent 
of a practical 350 kV unit for chest radiography using a 
field emission tube, the report of the Bureau of Radiolog- 
ical Health on population exposure to x rays in radiog- 
raphy, the most recently revised definition of the roentgen, 
and the proposed new International System of Units (SI). 


The success that this book has enjoyed is due largely to the 
author's ability to keep descriptions of equipment and prin- 
ciples uncomplicated without resorting to oversimplifica- 
tion. ’77, 615 pp., 296 il, 29 tables, $18.75 


Orders with remittance sent, on approval, postpaid 


301-327 EAST LAWRENCE 
SPRINGFIELD - ILLINOIS - 62717 





One sevunu sual 


Synerview. Built for speed. Our new Synerview Computed Tomography System 
is tast. In fact, its the only Stationary Detector CT system presently available that can 
routinely perform high-quality scans at | second. This is possible because all the 
individual ingredients have been specifically 
designed to aid in fast, smooth operation. 

Synerview combines high scan and 
image-processing speeds with fast 

patient-data entry and scanning- 
selection protocol. 

This tacilitates maximum 
patient throughput. 





* 
+ 
* 













As well as convenient filming and 
viewing, Synerview also offers large 
access disk storage so that disk-to- 
tape transfer wont interfere with 
your daily procedures. 

Built for quality. All components 
of the Synerview are quality built to 
assure years of dependable pertormance 
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that's secund to nune. 


with image quality beyond compare. Human engineering 
was the idea incorporated into the total Synerview 
design, as evidenced by our mobile table. 
Cantilevered when attached to the scanner, this 
unique table features a floating top that enables rapid 
patient positioning. An 
ultra-stable gantry with 
a tilt of + 20 degrees 
is also standard with 
Synerview. 
Built for you. We 
dont offer you only 
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static configurations. 
There are modular 
options that can be 
added to the Synerview À 
300 (256 image matrix display) and Synerview 600 (512 image matrix display) to best 
meet your individual operating and financial needs. These options include remote 
diagnostic station, multiformat camera and additional patient-transport tables. 
And, our financial resources 

through our parent CLT. Financial — 
'Corporation can help you acquire | 

your Synerview. This approach 
provides the opportunity for the 
optimum investment/value ratio 
in computed tomography. It lets 
you have a quality, fast-scanning 
CT system with the technological 
possibilities only a Stationary 








Detector design can provide. 
And like all Picker equipment, 
Synerview is backed by our 
worldwide service organization that 
has a reputation for proven dependability. 
For more information contact your local 
Picker representative, or write Picker Corporation 


R) 
or Picker International, 595 Miner Road. Lm ICKER 


Cleveland. QH 44143 We TE THe Cit CFIRAGARHECS 

















Liquid 
Polibar wc. 
Super XL 


A Total System 


examination of the colon. i 


Satisfactory results in the dou- 
ble-contrast examination of the 
colon require special attention to 
two aspects of the procedure. 












First, the barium sulfate formu- 
lation. Our Liquid Polibar (56% 
w/w) is a bubble-free, non-pre- 
cipitating uniform suspension 
formulation ... with proper flow 
and coating characteristics. No 
blending required and once rou- 
tines are established, you can rely 
on its consistency. 


One pedunculated and one smaller sessile polyp at the 
The second concern is with the apex of the sigmond loop. 


proper apparatus. The E-Z-EM Film Courtesy of Richard Palmer Gold M.D Columbia Presb. Medical Center N.Y 
system is unique in that 1/2” lumen 

tubing attached to the enema bag is 

utilized — for freer, more uniform flow. 

Miller Air Retention Tip, with or without 

optional cuff completes the system. 


A total system for ease of administration E-Z-EM 7 Portland Ave. 


and consistently reliable radiological results. Westbury New York 11590 
For additional literature, write: a | (51 6) 333-8230 


international Affiliates: E-Z-EM Rooster B V. Infirmeriestraat 6-8, Rotterdam 16. Netherlands 
F.7-ENA No Mayvirn Q£ A do V Cal? Arcranntzalrola Villa No RR? Zona Industaal Vallelo Mexico 16D F 
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Here’s the complete answer to 
improved radiographs: Pyne X-Ray’s 
outstanding package of Fuji Film, 
Kyokko Screens, and Quality 
Assurance Program. 


Fuji Film is your No. 1 value for its “ir 
exceptional contrast, latitude, reso- 

lution with low fog level, and high diag- 

KORI ELISA 

Kyokko Screens are technically unmatched 

for providing higher speed without compromise 
to superior resolution. 


Quality Assurance Program developed by Pyne C FUJI FILM 
X-Ray has set a new standard in providing technical 

assistance to insure consistent radiographic quality. 

For details, call your nearest Pyne X-Ray representative. C KYOKKo $ 

QUALITY PRODUCTS PLUS PERSONAL SERVICE 


Distributed throughout the U.S. 


PYNE -RAY CORPORATION "w "am iaa a 


20 North Avenue 1211 West Norwood Avenue 
Larchmont, New York 10538 Itasca, Illinois 60143 Glendale, California 91204 
(914) 834-4567 (312) 773-3360 (213) 240-0280 
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MEDICAL EFFICACY OF CT 


Editorial: Evaluation of Computed Tomography: Achievement and Challenge. Fineberg HV 


Clinical Efficacy of Computed Body Tomography. Wittenberg J, Fineberg HV, Black EB, Kirkpatrick RH, Schaffer DL, 
Ikeda MK, Ferrucci JT Jr 


Observations on the Medical Efficacy of Computed Tomography of the Chest and Abdomen. Robbins AH, Pugatch RD, 
Gerzof SG, Faling LJ, Johnson WC, Sewell DH 


Computed Body Tomography in Children: Evaluation of 45 Patients. Brasch RC, Korobkin M, Gooding CA 


Cranial Computed Tomography in Diagnosis and Management of Acute Head Trauma. Zimmerman RA, Bilaniuk LT, 
Gennarelli T, Bruce D, Dolinskas C, Uzzell B 


Computed Tomography in Patients with Cerebrovascular Disease: Impact of a New Technology on Patient Care. 
Larson EB, Omenn GS, Loop JW 


nae. of emniied Tomography on the Care of Patients with Suspected Hydrocephalus. Larson EB, Omenn GS, 
agno 


Efficacy of Computed Tomography of the Head in Changing Patient Care and Health Costs: A Retrospective Study. 
Bahr AL, Hodges Fu III 


Comparison of Computed and Conventional Whole Lung Tomography in Detecting Pulmonary Nodules: A Prospective 
Radiologic-Pathologic Study. Schaner EG, Chang AE, Doppman JL, Conkle DM, Flye MW, Rosenberg SA 


Computed Tomography of Musculoskeletal Disorders. Wi/son JS, Korobkin M, Genant HK, Bovill EG Jr 
Value of Computed Tomography in Radiotherapy of Lung Cancer. Emami B, Melo A, Carter BL, Munzenrider JE, Piro AJ 


ii ear of Computed Tomography to the Treatment of Lymphomas. Pilepich MV, Rene JB, Munzenrider JE, 
arter BL 


Efficacy of CT-assisted Two-dimensional Treatment Planning: Analysis of 45 Patients. Ragan DP, Perez CA 


* Computed Tomography: Cost and Efficacy Implications. Abrams HL, McNeil BJ 


Efficiency of Utilization of a Computed Tomography Scanner. Winter J 


Computed Tomographic Scanning in Children: Comparison of Radiation Dose and Resolving Power of Commercial CT 
canners. Brasch RC, Boyd DP, Gooding CA 


DIAGNOSTIC IMAGING 


Potential Uses of More Accurate CT Absorption Values by Filtering. Hounsfield GN 
Diagnosis of Extracerebral Fluid Collections by Computed Tomography. Cornell SH, Chiu LC, Christie JH 
Computed Tomography in Ocular Neoplastic Disease. Bernardino ME, Danziger J, Young SE, Wallace S 


External Anatomic Landmarks of the Abdomen Related to Vertebral Segments: Applications in Cross-sectional 
Imaging. Kuhns LR, Borlaza GS, Seige! R, Thornbury JR 

Buckling of the Innominate Artery Simulating a Right Apical Lung Mass. Christensen EE, Landay MJ, Dietz GW, 
Brinley G 

External Iliac Artery Fibrodysplasia. Walter JF, Stanley JC, Mehigan JT, Reuter SR, Guthaner DF 


Comparison of Arachnoiditis Produced by Meglumine locarmate and Metrizamide Myelography in an Animal Model. 
Haughton VM, Ho KC, Larson SJ, Unger GF, Correa-Paz F 


Proximal Tibiofibular Joint: Anatomic-Pathologic-Radiographic Correlation. Resnick D, Newell JD, Guerra J Jr, 
Danzig LA, Niwayama G, Goergen TG 


Lisfranc’s Fracture-Dislocation: A Manifestation of Peripheral Neuropathy. Giesecke SB, Dalinka MK, Kyle GC 
Gastrointestinal Angiographic Findings in Systemic Amyloidosis. Schroeder FM, Miller FJ Jr, Nelson JA, Rankin RS 
Atypical Appearances of Benign Hyperplastic Gastric Polyps. Joffe N, Antonioli DA 

Ectopic Pregnancy: Criteria and Accuracy of Ultrasonic Diagnosis. Lawson TL 


CASE REPORTS 
eat e Transcatheter Gelfoam Embolization of a Bleeding Cecal Vascular Ectasia. Sniderman KW, Franklin J Jr, 
Os 
Aortoesophageal Fistuia as a Complication of Aortic Prosthetic Graft. Seymour EQ 
Pseudoocclusion of a Superficial Temporal-Middle Cerebral Artery Bypass. Dublin AB, Richey DC 
Coccygeal Ribs: Development and Appearance in Two Cases. Pais MJ, Levine A, Pais SO 
Esophageal Atresia, Duodenal Atresia, and Gastric Distention: Report of Two Cases. McCook TA, Felman AH 


TECHNICAL NOTES 
Simple Device to Measure Patient Position on Portable Chest Radiographs. Gallant TE, Dietrich PA, Shinozaki T, 
Deane RSD pi 
Semierect and Erect Position in Percutaneous Transhepatic Cholangiography. Latshaw RF, Rohrer GV 
SPECIAL REPORT: American College of Radiology Diagnostic Efficacy Studies. Loop JW, Lusted LB 
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Hysterosalpingogram with Salpix Contrast Medium. 24-hour postinjection x-ray Of Same patient. 


now you see it now you don't 


With Salpix as your contrast medium, your gynecologic pa- 
tient needn’t undergo the 24-hour postinjection x-ray usually 
required with iodized oils. Water-soluble Salpix leaves virtu- 
ally no irritating radiopaque residue to produce foreign-body TRADEMARK 


reactions, yet it provides the viscosity needed for adequate so CC CONTAINS: 
visualization. sodium acetrizoate 0.53 g and 


Contraindications: Contraindications to hysterosalpingography include the polwvinylpyrrolidone 0.23 8 
presence of severe vaginal or cervical infections, existing or recent pelvic 
infection, marked cervical erosion or endocervicitis, and pregnancy. The pro- 
cedure is contraindicated during the immediate pre- or post-menstrual phase. 


Sensitivity Test: If indicated in the patient’s history, an intracutaneous skin test 
Or sublingual absorption observation may be done with 0.1 cc Salpix. 


Warning: Not for intravenous use. © ORTHO PHARMACEUTICAL CORPORATION 1970 
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Machlett 
for high-power 
angiography 


procedure-designed 


dynamax 78E 15/06 
x-ray tube 


Designed for the exacting techniques of high-power 
cardiac and abdominal angiograpny, the Dynamax 
78E 15/100 is rated at 100 KW, with the large focus 
allowing for heavy-duty angiographic factors within 
the functional range of conventional films and screens. 


With the small focus biased, the Dynamax 78E 15/100 
will resolve 5.9 line pairs per millimeter at 2-power 
magnification at 150 mA and 80 kVp. 


The Dynamax 78E’s high thermal capacity (400kHU) 
makes it ideally suited for rapid fiim techniques, 
providing for high patient volumes and repetitive 
studies without lengthy cooling periods. 


For complete technical informaticn on the Dynamax 
78E 15/100, or for consultation relative to its 
application, contact your x-ray dealer or 


The Machlett Laboratories, Incorporated 
1063 Hope St. 
Stamford, Connecticut 06907 


(203) 346-7831 





UNIVERSAL SIMULATOR 
for use with Cobalt Teletherapy 
Units, Linear Accelerators and 


Brachytherapy. 
Now available - ASK US! 


\ Atomic Energy 
‘ of Canada Limited 


Commercial Products 


P.O. Box 6300, Ottawa, Canada, K2A 3W3 
Tel. 613/592-2790 * Cable Nemota « Telex 053-4162 
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Clean bowel means cleer picture. X-PREP Liquid 
is designed specifically for pre-adiographic bowel cleansing — 
without enemas, suppositories, or overhydration. 


Good-to-excellent visualization is usually obtained 
with a single, simple dose.* No residual oil droplets 
(as is often the case with castor oil) obscure the picture. 


Pleasant taste of X-PREP Liquid meets with high patient 
— acceptance.* Simplicity and ease of administration 
Be. are appreciated by the patient at home, by 


: i the nursing staf at the hospital. 
| “References avaiable on request. 


ne step-One dose -One bottle 


-PREP Liqui 


standardized extract of senna fru 


rep the bowel for radiograph 


Gray Pharmaceutical Co., Affiliate 
The Purdue Frederick Company 










FRIGHT 1971, GRAY PHARMACEUTICAL CO. NORWALK, CONN, 06856 86374 124473 
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IT TAKES THE RIGHT PEOPLE. 


Kodak has nearly a century of expertise with radiographic 


imaging products. Your Kodak Technical Sales Representative 
is your access to everything we know 


The experts shown above represent the Kodak skills 
that are available to help you in your pursuit of profes- 
sional excellence. 

They range from physical chemists who create the 
various emulsions, chemic¥ls, and films to the quality con- 
trol technicians whose wordys law when it comes time to done until you hold in your hand the quality image you 
release a product to you. need. That's why we back our films with so many people. 


There are instructors from ur comprehensive train- At Kodak; we understand the importance of total commit- 
ing seminars. There are scientist who spend the years ment. 


looking for new ways to capture ełergy in the hope of pro 


viding you a more useful image. Thẹre are businessmen l TURNING ENERGY 
INTO IMAGES 


COMDIITED TOMOGBRADHY è NUCI FAR MEDICINE 


Your Kodak TSR can call on any of these experts as 
you work together to solve your problems. 

Kodak offers you the broadest line of films for your 
diagnostic imaging—that is one expression of our commit- 
ment tc your profession. But we do not consider our job 


| 
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Eadweard Muybridge: Man Doing A 
International Museum of Photog 

















With great still life photcgraphy, a subject 
can be captured to reveal its every 
detail. But often, complete understanding 
of that subject depends cn the ability to 
project backward and forward in time 
Still life to correctly perceive its entire 
function. And for these mstances, 
images that demonstrate 
Ca ture motion are essential. 
In nuclear mecical imaging, 
the same criteria often apply. That 
the form is why the static and dynamic 
e imaging capabilities of the 
Pho/Gamma’ V and the Pho/Gamma 
LFOV™ Scintillation Cameras with 
Real life new OPS/CON can significantly 
contribute to your nuclear medicine 
department. They are computer-controlled 
reveals imaging systems that are uniquely flexible 
and cost-effective for your needs today, 
as well as being totally 
the function. vees 
è your requirements for 
the future. 
For additional information about how 
Pho/Gamma V and Pho/Gamma LFOV 
with OPS/CON can help you make 
great images, contact Searle 
Radiographics. 
New OPS/CON 
Computer-controlled 
Imaging Station— 
with both static and 
dynamic capabilities. 
increases 
your flexibility 
in making 
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SEARLE 





Searle Radiographics 

Division of Searle Diagnostics Inc. 
2000 Nuclear Drive 

Des Plaines, Illinois 60018 U.S.A. 


Reduce Chest X-ray Retakes... 





and Take the Radiation Load Off Your Mind 


A Two-Word System 
for Reducing Retakes 


Pulmo Diagnost. Two words that in- 
sure precision and total quality con- 
trol. That’s because Philips’ Pulmo 
Diagnost is a fully automated, dedi- 
cated chest system. 

Automation from patient posi- 
tioning to film processing. Automa- 
tion that will cut your retake rate 
dramatically. That’s more than a 
radiation load off your mind. . . 
and your patients. It’s a big load off 
operating, labor and space costs, 
too. (Philips’ precision doesn’t need 
much space. ) 


The Right Take, Not Retakes 


Key design and engineering features 
insure superb image quality with the 
Pulmo Diagnost: 





Philips Pulmo Diagnost 


e Rapid, simple patient positioning 

èe Automatic tube-to-film alignment 

e Full automation or semi- 

automatic operation to eliminate 

exam interruptions and multiple 

trips to the darkroom (a simple 

lever switches modes) 

è Philips Amplimat and Anatomi- 

cally Programmed Radiography 

(accurate density control down to 2ms) 

e High kV (150) technique and no 

grid lines due to oscillating grid 

e Simple, one-button generator A Pulmo Diagnost roomegives maximum 
efficiency in minimum space 

control 

e Minimum space to process 

maximum patients 


~ ULMO DIAGNODST 





Philips Pulmo Diagnost: it returns 
your investment by sharply reducing 
returns for retakes. Ask your Philips’ 
representative for details. 





PHILIPS MEDICAL SYSTEMS, INC. RHE ie e 
710 Bridgeport Avenue, Sheltom, Conn. 06484 Control desk for Philips j ani 
generator for the Pulmo Dizgnost 


E PHILIPS 


® TM N.V. Philips of Holland 





For Double Contrast Stomachs,Use 


“E-Z-HD 


High Density with High Fluidity 
Barium Sulfate for Suspension USP 


Double contrast radiography appears to 
offer the potential for significant 
improvements in diagnostic accuracy. 











Double contrast studies of the stomach 
best demonstrate the surface pattern of 
the stomach (areae gastricae). This leads 
to improved detection of superfical 
erosions and ulcers, malignancies, 
polyps and other benign tumors, and 
ulcer scars. 


E-Z-HD barium sulfate provides the basic 
ingredient necessary for good double 
contrast of the stomach. 


| The higher the density of the barium 
suspension, the better the coating, 
E-Z-HD allows for the highest density 
suspension of any commercial product 
on the market today: 85% w/w, 250% 
w/v. E-Z-HD achieves this density while 
remaining fluid for ease of administration. 


e High density 
® High fluidity 
è Palatable 
è Unit dose convenience. 
E-Z-HD — The barium for the double 
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NOTE THE ANTRAL POLYP (ARROW) AND THE LACELIKE AREAE GASTRICAE IN THE BODY OF THE STOMACH contrast examination of the stomach 
Film, courtesy of Robert E. Koehler, M.D. Washington University, Dep't. of Radiology, St. Louis, Missouri. and duodenum. 


Optimal Density & Fluidity for the Modern 
Double Contrast Examination of the 
Stomach and Duodenum 


Refrences: For Further Information Write: 
David W. Gelfand: The Japanese-Style Double Contrast, Exami- 
nation of the Stomach, Gastrointest Radiol. 1, 7-17 (1976) 


Igor Laufer: The Diagnostic Accuracy of Barium Studies of the E-2Z-EM 7 Portland Ave. 


Stomach and Duodenum — Correlation with Endoscopy, 


Radiology 1 15: 569-573, June 1975 | Westbury, New York 11590 
Roscoe E. Miller: The Air Contrast Stomach Examination: an a | (51 6) 333-8230 


overview. Radiology 1 17: 743-744 Dec. 1975 
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Signi icant 
Continuing Medical Education 
Programs 


for the Radiologist 


on Audio Cassette! 


Program 1: 
“Nuclear Medicine!” 
.. with James L. Quinn, 3rd, M.D 


and George P. Backer, M.D. 
5, one-hour Audio Cassettes 


ONLY $35.00! 


Program 2: 
“New Developments in 
Nuclear Medicine!” 
...a supplement to the above program. 
With James L. Quinn, 3rd, M.D. 


and George P. Backer, M.D. 
4, one-hour Audio Cassettes 





ONLY $28.00! 
Program 3: Program 5: 
“Gastrointestinal Radiology!” “Computers in Medicine!” 
... with Roscoe E. Miller, M.D. ... With Laurens Ackerman, M.D., Ph.D. 
and George P. Backer, M.D. and Daniel K. Harris. 
6, one-hour Audio Cassettes 6, one-hour Audio Cassettes 
ONLY $42.00! ONLY $42.00! 


Program 4: 
“Neuroradiology!” 


... with Michael S. Huckman, M.D. 
and George P. Backer, M.D. 
6, one-hour Audio Cassettes 


ONLY $42.00! 


the institute of continuing education 
Sawyer, Michigan 49125 - Phone: 616-426-3433 


Please bill me for the follwing program(s) when shipped: 


1 2 3 4 5 


| 
| 
10 per cent discount | 
on all orders | 
over $100.00! | 10 per cent discount on orders over $100.00 
| All orders shipped same day received, postpaid 
| 
| 
| 
| 


Name 
Address 
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The $12.000 
probiem 


Retakes due to technic error are probably costing 
your x-ray department $12,000 per year per room. * 











wand the 
MPX solution. 


MPX computerized radiographic generators with Quantamatic tx” 
technic management provide consistent, standardized results. 








MPX can be programmed sizes,including pediatrics; 





with up to 200 of your programs technics for the 
department's technics. whole body, including 
Simple pushbuttons recall MPX—cost-effective standardization extremities; and allows the 
either fixed time or AEC for the professional radiographer to vary technic 
technics and full displays of factors on command. 
all programmed parameters. MPX virtually So rely on MPX to put an end to your $12,000 
eliminates retakes caused by technic errors problem while providing greater radiographic 
by providing consistent recall of standardized consistency and increased throughput. 
factors. General Electric Medical Systems, 
Only MPX manages technics for all patient Milwaukee, Toronto, Madrid. 

100 Years of Progress for People 


GENERAL QA ELECTRIC 


*Data on file, Procter & Gamble 


DESCRIPTION: DIDRONEL (etidronate disodium) is the 
disodium salt of (1-Hydroxyethylidene) diphosphonic acid. 


INDICATIONS AND USAGE: DIDRONEL is indicated for 
the treatment of symptomatic Paget's disease of bone 
(osteitis deformans). Effectiveness has been demonstrated 
primarily in patients with polyostotic Paget's disease with 
symptoms of pain and with Clinically significant elevations 
of urinary hydroxyproline and serum alkaline phosphatase 


There is no evidence that the prophylactic use of 
DIDRONEL is beneficial in asymptomatic patients although 
treatment may be considered in exceptional circumstances 
in which there is extensive involvement of the skull or the 
spinal cord with the prospect of irreversible neurologic 
damage. In these instances, treatment would be based on 
the demonstrated effect of DIDRONEL on Pagetic bone 
rather than on clinical studies in that patient population 


CONTRAINDICATIONS: At present, Clinical trials have 
demonstrated no absolute contraindications to DIDRONEL 


WARNINGS: The physician should adhere to the recom- 
mended dose regimen in order to avoid overtreatment with 
DIDRONEL (see Precautions and Adverse Reactions). The 
response to therapy may be of slow onset and may con- 
tinue even for months after treatment with the drug has 
been discontinued. Dosage should not be increased pre- 
maturely nor should treatment be resumed before there is 


Symptomatic Paget’s Disease of Bone. 


Until now, your findings helped identify 
over 90% of all diagnosed Paget’s patients.’ 


But limited treatment options 
discouraged therapy. 


Now, those findings can be 


the first step in the use of an 
effective new therapy. 





Retreatment should not be initiated until the patient has 
had at least a three month drug-free interval 


The incidence of osteogenic sarcoma is known to be 
increased in Paget's disease. Pagetic lesions, with or with- 
out therapy, may appear by x-ray to progress markedly, 
possibly with some loss of definition of periosteal margins 
Such lesions should be evaluated carefully to differentiate 
these from osteogenic sarcoma 


PRECAUTIONS: 1. General: DIDRONEL retards mineraliza- 
tion of osteoid laid down during the bone accretion pro- 
cess. This effect is dose and time dependent. There may be 
an overlap of beneficial and mineralization inhibition effects 
in some patients at higher doses. Extended periods of 
medication should be approached cautiously. When admin- 
istered at doses of 20 mg/kg/day. DIDRONEL suppresses 
bone turnover and essentially stops mineralization of new 
bone in Pagetic lesions and, to a lesser extent, in the unin- 
volved skeleton 

Patients with restricted vitamin D and calcium intakes may 
be particularly sensitive to drugs that affect calcium 
homeostasis and should be closely followed while under 
treatment with DIDRONEL 


DIDRONEL is not metabolized and is excreted intact via 
the kidney; therefore, treatment of patients with impaired 
renal function should be approached very Cautiously, if at all 


New from Procter & Gamble 


DIDRONEL 


E TIDRONATE DISODIUM 


The first oral agent 


200 MG TABLETS 


that suppresses symptomatic 
Paget's disease of bone 





enterocolitis because increased frequency of bowel move- 
ments and diarrhea is seen in some patients when 
DIDRONEL is administered at a dose of 20 ma/kg/day and 
may be increased occasionally at lower doses. 


2. Pregnancy: There is no experience in pregnant women 
given DIDRONEL. DIDRONEL should be used only 

when clearly needed in women who are or may become 
pregnant 

3. Nursing Mothers: |t is not known whether this drug is 
excreted in human milk. As a general rule, nursing should 
not be undertaken while the patient is on a drug since 
many drugs are excreted in human milk 


4. Pediatric Use: No data support the use of DIDRONEL 
in Children 


ADVERSE REACTIONS: Increased or recurrent bone pain 
at existing Pagetic sites and/or the appearance of pain at 
sites previously asymptomatic has been reported. At the 
recommended dose (5 mg/kg/day) 1 out of 10 patients 
reported the phenomena; at higher doses the ‘igure rose 
to 2 out of 10. In placebo-treated patients, the occurrence 
was 1 out of 15. In DIDRONEL-treated patients. the pain 
resolved while therapy was continued in some patients but 
persisted for several months in others 
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...ketards the disease 


Relieves signs and symptoms 
in many patients 


... Promotes sustained 
posttherapy remission 

.„Bone-specific 
pharmacologic action 


when DIDRONEL is taken at a dose leval sf 20 mg/kg/day 
in excess of 3 months. This risk may be greater in patients 
with extensive and severe disease, a history of multiple 
fractures, and/or rapidly advancing osteaiytic lesions It is 
recommended that the drug be discontinu2d wnen frac- 
tures occur and that therapy not be reinszated until fracture 
healing is complete 

Gastrointestinal complaints such as diarrhea, loose bowel 
movement, and nausea are increased in some patients 
when DIDRONEL is administered at dose= greater than 

5 mg/kg/day. The incidence is about 1 au! of 1& in both 
placebo-treated patients and in patients cn DIGRONEL, 

5 mg/kg/day. The incidence rises to aporeximaiely 2 Dut of 
10 in patients treated with DIDRONEL at tre dose of 20 mg/ 
kg/day. 

DOSAGE AND ADMINISTRATION: Initia! Treatment 
Guidelines: The recommended initial cose of DIDRONEL 
for most patients is 5 mg/kg/body weightmay, rot to 
exceed a period of six months. Doses aowe “0 mg/kg 
should be reserved for use when there is an overriding 
requirement for suppression of increasedone turnover 
associated with Paget's disease or when the patient re- 
quires more prompt reduction of e!evatececardiac outout 
Treatment with doses above 10 mg/kg/day should be 
approached cautiously and should not exceed three 
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DIDRONEL should be administered as a single, oral dose, 
two hours before eating. It may be given with fruit juice or 
water. Food, particularly materials high in calcium con- 
tent such as milk, in the stomach or uper portions of the 
small intestine may reduce absorption. Therefore, eating 
should be avoided for two hours before and after drug 
administration 


Serum phosphate elevations have been observed when 
DIDRONEL is administered at daily doses of 10 mg/kg 
body weight/day or above and occas:onally at 5 mg/kg/ 
day. This has not been found to be an indication for discon- 
tinuing therapy. 


Retreatment Guidelines: Retreatment should be under- 
teken only after a drug-free period of at least three months 
and after it is evident that reactivation of the disease has 
occurred. In no case should duration of retreatment exceed 
the maximum duration of the initial treatment 


How Supplied: DIDRONEL is supplied as a rectangular 
white tablet containing 200 mg of etid-onate disodium 
The tablets are packaged in bottles of 250 


For additional information, 
write Procter & Gambie, 
Professional Services, 
P.O. Box 85507, 
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A Product of 
Procter & Gamble 
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reason 
iS Clear 


proven diagnostic excellence and rapid visualization 
e Rapid concentration of relatively large quantity cf medium 
permits thorough evaluation of urinary tract anatomy. 
e Visualization of renal passages may begin as early as 5 minutes after injection. 





10 indications 


drip infusion pyelography operative, [-tube, and 

excretion urography (direct I.V.) percutaneous transhepatic | 
peripheral arteriography cholangiography JAX 
cerebral angiography arthrography & 
venography discography =Š% 
splenoportography computed tomography (CT) of the brain\ 
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Renografin-6O 


Diatrizoate Meglumine and 1 
Diatrizoate Sodium Iniection U.S.P 22222 man. 


RENOGRAFIN®-60 
Diatrizoate Meglumine and Diatrizoate Sodium Injection USP 


Renografin-60 (Diatrizoate Meglumine and Diatrizoate Sodium Injection USP) is 
supplied as a sterile, aqueous solution providing 52% diatrizoate meglumine and 
8% diatrizoate sodium with 0.32% sodium citrate as a buffer and 0.04% edetate 
disodium as a sequestering agent. The solution contains approximately 29% (288 
mg/ml) bound iodine and approximately 3.76 mg (0.16 mEq) sodium per ml. 


CONTRAINDICATIONS: Contraindicated in persons hypersensitive to salts of 
diatrizoic acid. Urography is contraindicated in patients with anuria. A prothrom- 
bin time below 50% and evidence of coagulation defects are contraindications to 
percutaneous transhepatic cholangiography and splenoportography. When 
splenectomy is contraindicated, splenoportography should not be performed 
since complications of the procedure make splenectomy necessary at times. Sig- 
nificant thrombocytopenia and any condition which may increase the possibility 
of splenic rupture are other contraindications to splenoportography. Arthrogra- 
phy is contraindicated if infection is present in or near the joint. Discography is 
contraindicated if there is infection or open injury near the region to be examined. 


WARNINGS: A definite risk exists in the use of intravascular contrast agents 
in patients with multiple myeloma. There has been anuria with progressive 
uremia, renal failure and death. This risk of the procedure in these patients 
is not a contraindication; however, partial dehydration in preparation for 
study is not recommended since it may predispose to precipitation of mye- 
loma protein in renal tubules. No therapy, including dialysis, has been suc- 
cessful in reversing this effect. Myeloma should be considered in persons 
over 40 before intravascular administration of a contrast agent. 


In cases of known or suspected pheochromocytoma, if the physician feels that 
the possible benefits outweigh the considered risks, radiopaque materials should 
be administered with extreme caution; however, an absolute minimum of material 
should be injected, the blood pressure should be assessed throughout the proce- 
dure, and measures for treating a hypertensive crisis should be available. 

Contrast media may promote sickling in homozygous individuals when injected 
I.V. or intra-arterially. Although a history of sensitivity to iodine per se or to other 
contrast media is not an absolute contraindication, administration of diatrizoate 
requires extreme caution in such cases. Perform thyroid function tests prior to 
administration of this preparation since iodine-containing contrast agents may 
alter the test results. Avoid accidental introduction of this preparation into the 
subarachnoid space since even small amounts may produce convulsions and 
possible fatal reactions. 

Perform cerebral angiography with special caution in extreme age, poor clini- 
cal condition, advanced arteriosclerosis, severe arterial hypertension, cardiac de- 
compensation, recent cerebral embolism, or thrombosis. Perform urography with 
extreme caution in persons with severe concomitant hepatic and renal disease. 


PRECAUTIONS: Diagnostic procedures involving use of contrast agents should 
be performed under the direction of personnel with prerequisite training and a 
thorough knowledge of the particular procedure (see ADVERSE REACTIONS). 
Severe life-threatening reactions suggest hypersensitivity to the contrast agent. A 
personal or family history of asthma or allergy or a history of a previous reaction to 
acontrast agent warrants special attention and may predict more accurately than 
pretesting the likelihood of a reaction although not the type nor severity of the 
reaction in the individual. The value of any pretest is questionable. The pretest 
most performed is the slow I.V. injection of 0.5 to 1.0 ml of the preparation prior to 
injection of the full dose; however, the absence of a reaction to the test dose does 
not preciude the possibility of reaction to the full diagnostic dose. Should the test 
dose produce an untoward response, the necessity for continuing the exam- 
ination should be carefully re-evaluated; if deemed essential, examination should 
proceed with all possible caution. In rare instances, reaction to the test dose may 
be extremely severe; therefore, close observation and facilities for emergency 
treatment appear indicated. 

Renal toxicity has been reported in a few patients with liver dysfunction who 
were given oral cholecystographic agents followed by urographic agents; there- 
fore, if known or suspected hepatic or biliary disorder exists, administration of 
Renografin-60 (Diatrizoate Meglumine and Diatrizoate Sodium Injection USP) 
should be postponed following the ingestion of cholecystographic agents. Use 
cautiously in severely debilitated patients and in those with marked hypertension. 
When percutaneous techniques are used, bear in mind the possibility of throm- 
bosis. Consider the functional ability of the kidneys before injecting the contrast 
agent. Since contrast agents may interfere with some chemical determinations 
made on urine specimens, collect urine before or two or more days after adminis- 
tration of the contrast agent. 

In peripheral arteriography, hypotension or moderate decreases in blood 
pressure seem to occur frequently with intra-arterial (brachial) injections; this is 
transient and usually requires no treatment; monitor blood pressure during the 
immediate 10 minutes after injection. In excretion urography, adequate vis- 
ualization may be difficult or impossible in uremic patients or others with severely 
impaired renal function (see CONTRAINDICATIONS). Consider the increased os- 
motic load associated with drip infusion pyelography in presence of congestive 
heart failure. The diuretic effect of drip infusion pyelography may hinder assess- 
ment of residual urine in the bladder. Do not exceed recommended rate (40 ml/ 
min) of infusion. In operative and T-tube cholangiography, inject the contrast 
agent slowly to prevent extravasation into peritoneal cavity and to minimize reflux 
flow into pancreatic duct which may result in pancreatic irritation. In percu- 
taneous transhepatic cholangiography, aspirate as much of the contrast agent 
as possible on completion of successful films to reduce possibility of bile leakage 
and consequent peritonitis; for 24 hours after the procedure carefully and con- 
stantly monitor all patients for signs of internal hemorrhage or bile leakage; if these 
complications are recognized immediately, remedial measures can be instituted 


promptly with minimal increase in morbidity. Percutaneous transhepatic cholan- 
ninnranhy chnoitld he racarved far iatindicad natiente whn are nat anand can- 


ordinary studies since the procedure is not without risks; attempt the procedure 
only when competent surgical intervention can be obtained promptly if needed. In 
splenoportography, manipulations which will prolong the time the needle is in 
the spleen should be avoided since this may contribute to postpuncture bleeding 
and subcapsular extravasation of the contrast agent. Following splenoportogra- 
phy, closely observe the patient for 24 hours for signs of internal bleeding; patient 
should lie on his left side for several hours. Leakage of up to 300 ml of blood from 
the spleen is apparently not uncommon; fatal hemorrhage has occurred rarely. 
Blood transfusions and, rarely, splenectomy may be required. In discography, 
postpone the procedure if an infection (including U.R.I. in cervical discography) 
or open injury is present near the region to be examined to minimize possible 
introduction of infection. Disk infection has occurred after discography; therefore, 
care should be taken to preclude contamination and resultant disk infection. Con- 
tamination may be introduced into the disk if care is not taken to avoid puncturing 
the esophagus during cervical discography. If the needle becomes barbed by 
contact with bone (the two-needle technique helps reduce this hazard), rupture of 
the disk may occur; this is highly unlikely if the procedure is performed carefully. 


Usage in Pregnancy: This preparation should be used in pregnant patients only 
when the physician deems its use essential to the welfare of the patient since safe 
use during pregnancy has not been established. 


ADVERSE REACTIONS: Adverse reactions accompanying intravascular use of 
iodine-containing contrast agents are usually mild and transient although severe 
and life-threatening reactions (including fatalities) have occurred. Because severe 
reactions to the procedure and/or to the contrast agent are possible, appropriate 
emergency facilities and well-trained personnel should be available and should 
remain available for 30 to 60 minutes following the procedure to treat the reaction 
since severe delayed reactions have been known to occur. 

Nausea, vomiting, flushing, or a generalized feeling of warmth are the reactions 
seen most frequently with intravascular injection. Symptoms which may occur are 
chills, fever, sweating, headache, dizziness, pallor, weakness, severe retching 
and choking, wheezing, a rise or fall in blood pressure, facial or conjunctival 
petechiae, urticaria, pruritus, rash and other eruptions, edema, cramps, tremors, 
itching, sneezing, lacrimation, etc. Antihistaminic agents may be of benefit; rarely, 
such reactions may be severe enough to require discontinuation of dosage. Se- 
vere reactions which may require emergency measures are a possibility and in- 
clude cardiovascular reaction characterized by peripheral vasodilatation with 
hypotension and reflex tachycardia, dyspnea, agitation, confusion, and cyanosis 
progressing to unconsciousness. An allergic-like reaction ranging from rhinitis or 
angioneurotic edema to laryngeal or bronchial spasm or anaphylactoid shock 
may occur. Temporary renal shutdown or other nephropathy may occur. Tempo- 
rary neurologic effects of varying severity have occurred in a few instances partic- 
ularly in cerebral angiography. There have been a few reports of a burning or 
stinging sensation or numbness, of venospasm or venous pain, and of partial 
collapse of the injected vein. Neutropenia or thrombophlebitis may occur. 

Adverse reactions as a consequence of excretion urography have included 
cardiac arrest, ventricular fibrillation, anaphylaxis with severe asthmatic reaction, 
and flushing due to generalized vasodilation. Cerebral angiography has caused 
temporary neurologic complications such as induction of seizures (particularly in 
patients with convulsive disorders), confusional states or drowsiness, transient 
paresis, coma, temporary disturbances in vision, or seventh nerve weakness. 
During peripheral arteriography, hemorrhage from puncture site, thrombosis of 
the vessel, and brachial plexus palsy (following axillary artery injection) have 
occurred. Complications (in an estimated 4 to 6% of cases) of percutaneous 
transhepatic cholangiography include bile leakage (more likely in presence of 
complete obstruction due to carcinoma) and biliary peritonitis, gallbladder perfo- 
ration, internal bleeding, septicemia due to gram-negative organisms, and tension 
pneumothorax from inadvertent puncture of diaphragm and lung. During spleno- 
portography, intraperitoneal extravasation of the medium may cause transient 
diaphragmatic irritation or mild to moderate transient pain which may sometimes 
be referred to the shoulder, periumbilical region, or other areas; accidental pneu- 
mothorax (because of proximity of pleural cavity) may occur. Arthrography may 
induce joint pain or increase existing pain (usually immediate and transient but 
may be delayed or prolonged up to 24 hours) particularly with large doses and 
extravasation of medium into soft tissue surrounding the joint. Lipid-like histio- 
cytes have been found in tissue removed following arthrography. The technique 
of discography may be painful particularly when disk pathology exists; pain on 
injection may also be related to volume of the dose; the nature of the disk pathol- 
ogy or extravasation of the medium may cause referred pain. 

Bear in mind the possibility of thrombosis or of other complications due to 
mechanical trauma when any percutaneous technique is used. 

For full prescribing information, consult package insert. 


HOW SUPPLIED: Available in 10, 30, and 50 mi single-dose vials and in 100 ml 
single-dose bottles. 


©1977 E. R. Squibb & Sons, Inc. H657-506 








Handle more chest studies 
without handling film. 


| If your department's chest film volume is heavy, 
| Changex system can lighten your load. This 
compact system—including chest changer, tube 
support, film transport and Kodak automatic 
SS prccessor—lets the technologist take up to 100 
14 x 17 exposures without touching the film 
j or handling individual cassettes. 


Inexperienced operators handle Changex with 
ease. After inserting a loading magazine, the 
tech just pushes a button to adjust the changer 
to the patient's height. The x-ray tube moves 
automatically, maintaining alignment. Inserting 
the patient's I.D. card advances the film and 
provides positive patient identification. 


et 2 $ 
s | Exposed film is transported automatically to the 
| processor, eliminating trips to the darkroom. 
The technologist is free to concentrate on 
raciography and to handle more patients. 


Film quality is excellent. And the Kodak X-Omat 
M6A-N processor delivers reliable performance 
L with minimum maintenance. So let Changex 

_ increase throughput and reduce film handling. 
ee Talk to your GE representative. 
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- | GE: leading the way in 
E diagnostic imaging. 
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Polaroid ® 








ostic details. 
nstantly. 


Nothing saves time like Polareid instant photography. 
You can have a fully developed picture for diagnosis from 
your CRT monitor in seconds. 

For sheer convenience, too, there’s no better way. You 
don’t need developing and printing equipment. You don't 
need a darkroom or chemicals. You don’t have to leave the 
patient to process the film. Every7himg is taken care of by 
the film. When you've paid for the film, you've paid for the 
finished picture. 

Part of our films’ convenience is that you know instantly 
whether the picture you've taken is exactly right for your 
diagnostic needs. If not, you can retake it on-the-spot while 
the patient is still in place. 

Polaroid self-developing films have the sensitivity, 
resolution, exposure latitude and gray scale to deliver 
excellent diagnostic photographs. 

And one more thing—we offer you more than the speed, 
convenience and quality of our films. Our Technical 
Assistance is as close as your telephone. Call us toll free if 
you have any questions or any problems with your 
diagnostic photography. 

We'll help you solve them promprly if not instantly. 








For technical assistance, call toll free: 800-225-1618 (In 
Massachusetts, call collect: 617-547-5 | 77)orwrite: Polaroid 
Corporation, Dept. A384, 575 Technology Square, 
Cambridge, Mass. 02139. 


Polaroid 


Instant films for CRT recording 








When you're making 
of commitment 
know what kind of commitment 


the manufacturer is making. 








Is making...not will make. 
That's the difference between a 
commitment and a claim. And 
thats why Pfizer encourages 
questions about our CT scanner. 
We think that when its time to 
compare answers, you'll see the 
difference for yourself 

Prestigious installations. 
Pfizer has over 150 working CT 
sites in the United States and 13 
foreign countnes. Our list includes 
installations at University of Colo- 
rado Medical Center, Columbia- 
Presbyterian Medical Center 
Hospital, Jonns Hopkins Hospital, 
Michigan State University Hospital, 
University of Minnesota Hospital, 
and Yale-New Haven Hospital. 

Near-perfect service. 

A worldwide network of dedicated, 
expenienced service engineers, 











each capable of total system main- 
tenance. They've provided a 
documented average uptime 
record of 96% for installations in 
the U.S. And that’s a remarkable 
service record in the CT industry. 
Complete product line. 
A full family of scanning equip- 
ment. From the industry's first 
total-body scanner to our bench- 
mark 0200FS whole-body unit, 
up to the recently announced 
Pfizer/AS&E CT scanner — 
the first high resolution fourth- 
generation scanner. Pfizer now 
offers one of the most complete 
lines of CT scanning equipment in 
the world. Featuring CT images of 
outstanding clarity, mobile patient 
handling systems, diagnostic flexi- 
bility and advanced software 
capability every step of the way. 
Pfizer and AS&E. Together. 
Early this year, Pfizer Medical Sys- 


this kind 
, you should 











tems, Inc. signed an agreement 
with American Science and En- 
gineering, Inc. Pfizer and AS&E, 
both pioneers in the industry, will 
continue to develop new radiolog- 
ical products, including a revolu- 
tionary cardiac scanner. It was 
Pfizer who developed tħe first 
whole-body scanning system. It 
was AS&E who first introduced 
fourth-generation geometry, 
acknowledged as the most ad- 
vanced CT technology in the 
world. And together we will con- 
tinue to practice our commitment. 
Not just promise it. 

For more information, write 
Pfizer Medical Systems, Inc., 
Dept. JR, 9052 
Old Annapolis 
Road, Columbia, 
Maryland 21045. prizeR MEDICAL SYSTEMS, INC. 





We're leaders. And we can show you why. 





Reflux and Migration of — 
Embolic Agents 


SOLUTION: MEDI-TECH Occlusion 
oe Balloon Catheters 


REF: Greenfield, Ad.: Transcatheter Embolization: Complications and Prevention With Balloon Catheters. PROGRAM OF THE AMERICAN 
| ROENTGEN RAY SOCIETY: Seventy-eighth Annual Meeting, September 26-30, 1977, Boston, Mass. 
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Arteriogram performed with Medi-Tech Occlusion Balloon 
balloon inflated prior to em- Catheter OB/7/2/65 (also used 
bolization in X-Ray at left) 


When carrying out therapeutic embolization, the risk that embolic agents will be carried to non-intended 
locations shduld be considered. 


REF: Woodside, J.; Schwarz, H.; Bergreen, P.: Peripheral Embolization Complicating Bilateral Renal Infarction With Gelfoam. American 
Journal of Roentgenology: Vol. 126: 1033-1034, 1976. 


Gang, D.L.; Dole, K.R.; Adelman, L.S.: Spinal Cord Infarction Following Therapeutic Renal Artery Embolization. JAMA: VOL. 
237, No. 26, June, 1977. 


Bradley, E.L.; Goldman, M.L.: Gastric Infarction After Therapeutic Embolization. SURGERY: Vol. 79, No. 4, April, 1976. 


With the development of the MEDI-TECH Occlusion Balloon Catheters this risk has been significantly 
reduced. 


MEDI-TECH offers the only balloon catheter available today with a polyethylene catheter body. 
Unlike polyvinyl chloride (PVC) which softens at body temperature, polyethylene retains its torque 
and holds pre-set curves. This enables selective placement of the balloon either with or against the 
blood flow. 


The smooth tip profile and large I.D. (.038” in the 7F) allow percutaneous introduction by Seldinger 
Technique over a .035” guide wire. 


(For more information fill out the coupon below and mail, or call Toll Free 800-225-3238). 
In Massachusetts 617-923-1720. 















CATHETERS AVAILABLE J MEDI-TECH “| 
ai i | AY) Div. of Cooper Scientific Corporation | 
| 372 Main Street » Watertown, Massachusetts 02172 | 

Dia. (mm) | (.000”) | Length (cm) | ' 

| LJ I'd like more information sent | 

12 38 65 [C] I'd like a representative to call ' 

| Name çë Dept. I 

| Hosp. | 

| es: | | PE i | 






























THE UNCOMPROMISING 
COMPRESSION PLATE... 
for AOT and Puck filmchangers. 
A plate which combines very low 
x-ray attenuation with perfect 
screen/film contact. The result is 
excellent image contrast and 
optimum resolution at all exposure 
rates, lower kV, less patient 
radiation, less scatter, less fog, 

and greater freedom in optimi- 

zation of exposure technique. 

The new carbon fiber compression 
plate is a significant advancement in 
radiology, and is a standard feature in 


This new pole adds height to the vaulter’s record, 
because it is made of carbon fiber reinforced 
plastic (CFRP). The same material is used in 
Schonander’s new front compression plate for 
AOT and Puck cutfilm changers. 


CFRP is the result of new material 
technology, and may well become the 
material of the future. It features 
properties such as tensile strength 
greater than that of steel and the 
ability to survive millions of tensile or 
bending cycles. These characteristics 
together with CFRP’s very low x-ray 
attenuation are now a benefit to 





radiology. l 
— all new AOT-S and Puck filmehangers. 
Materials previously used in film- Most changers now in use can be 
changer front plates have always be retrofitted with this uncompromising 


been compromises. Aluminum 


compression plate. 
provides perfect screen/film con- i 4 p 


tact, but at the cost of higher Be sure to 
x-ray attenuation. Bakelite E specify 
has low x-ray attenuation Schonander... 
but less screen/film and reach — 
contact at higher heights in 
exposure rates. angiographic 

results. 


After years of re- 
search, conducted in 
close co-operation 
with the manufac- 
turer of CFRP... 
Elema-Schonander 
proudly presents... 








When a better idea Va WN 
in film changers | dia. 
comes along, 
it will come from us. ay, we, nw A 


elemoa-schonander 






The secret toj enhanced 
angiographicjresults 
_ isin this}pole. 





American Journal of Roentgenology Guidelines 


Address manuscripts and correspondence to the Editorial Office, 403 Pacific National Bank Building, 4545 15th Avenue N.E., 
Seattle, Washington 98105; telephone (206) 633-2754. 


Publication Policy 


The Journal publishes original and timely contributions to the advancement of radiologic diagnosis and treatment. Although the 
content is predominantly clinical, laboratory investigations are accepted when their relevance to clinical practice is demonstrable. 
Decisions on manuscripts are based on the opinions of at least two outside reviewers. Statements within an article are the 
responsibility of the authors and not the Journal or its publisher. 

It is understood that material submitted has not been published and is not currrently submitted elsewhere. Portions of the data or 
illustrations from previously published works may be included if permission release forms accompany the manuscript and such 
material is clearly credited in the text. Prior publication of abstracts will not prejudice publication of the complete study. 


Copyright Information 


In accordance with Journal implementation of the new U.S. Copyright Law, authors must release first and subsidiary rights to 
their manuscript at submission. A dated cover letter, containing signatures of all authors, should state: “We, the authors, assign 
first and subsidiary rights to the American Roentgen Ray Society in the event that our manuscript (title) is published by AJR.” The 
Journal, in turn, grants authors the right to use portions of their manuscript, without charge, in books or articles of which they are 
authors or editors. 


Manuscript Form 


Manuscripts should be typed double-spaced throughout, including references, tables, and figure legends. Tables, footnotes, and 
figure legends should be on separate sheets, and a separate title page should be provided. In addition to the original typewritten 
copy, a duplicate copy complete with figures, tables, and references is required. Authors’ names should be on title page only and 
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Fluoroscopically Guided Thin Needle Aspiration Biopsy of the Abdomen 
and Retroperitoneum 


RAUL V. PEREIRAS,.’ WALTER MEIERS,'’ BOLIVAR KUNHARDT,? MICHAEL TRONER,*? DUANE HUTSON, * 
JAMIE S. BARKIN,5 AND MANUEL VIAMONTE! 


The results of 49 tranmsabdominal and translumbar thin 
needie percutaneous aspiration biopsies in patients sus- 
pected of having malignant disease are reported. A correct 
diagnosis was obtained in 40 cases. Placement of the Chiba 
needle was accomplished by fluoroscopically controlled bi- 
plane radiography during contrast examinations. No compli- 
cations were encountered. The technique allows cytologic 
diagnosis of malignancy without high risk exploratory surgery, 
prolonged hospitalization, or delay of treatment. Use of fluo- 
roscopic needle guidance and biplane radiography for confir- 
mation of position using various contrast examinations as 
markers is felt to be superior to either CT or ultrasound. The 
technique is readily available in all radiology departments. 


Thin needle percutaneous aspiration biopsy has been 
shown to be a safe and accurate technique for cytologic 
confirmation of malignant disease [1, 2]. Patients with 
unresectable or recurrent disease are spared the higher 
risk of exploratory surgery, prolonged hospitalization, 
and increased cost and delay of treatment. The tech- 
nique also allows preoperative diagnosis of malignancy 
in resectable tumors so that proper radical surgery can 
be planned. No significant complications have been 
reported, even though various intervening structures 
and viscera are punctured during biopsy [1-5]. The 
potential complication of tumor seeding along the track 
(6, 7] has apparently not yet occurred using the Chiba 
type needle [2]. 


Materials and Methods 


The series included 49 consecutive transabdominal and 
transiumbar thin needle aspiration biopsies in patients sus- 
pected of having malignant disease. Placement of the Chiba 
needle was accomplished by fluoroscopy and biplane radio- 
graphs using various contrast examinations as markers. 

Once the appropriate contrast examination or marker (see 
later) has been performed to guide the biopsy, the skin is 
prepared and draped in the usual manner. A radiopaque object 
is fluoroscopically positioned on the skin directly over the 
optimal biopsy site, and the skin is locally anesthetized. A small 
incision with a no. 11 Bard Parker blade facilitates entry of the 
needle. Suspension of respiration is usually required to insure 
proper alignment. The needle is a 22 or 23 gauge 15.25 cm 
Chiba needle with an approximately 30° bevel and a 0.7 mm 
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outside diameter. Because of its extreme flexibility, it is advisa- 
ble -o ‘look down” on the needle during advancement, with 
one hand stabilizing the needle at the skin while the other 
thumb advances the hub. If the position of the needle does not 
satisfy the desired vertical course, it must be completely with- 
drawn and readvanced, since bending the hub portion will not 
realign the course of the needle tip. Once the tip is verified to 
be n the area of tumor by frontal and cross-table lateral 
radiographs, a short piece of sterile tape is placed around the 
needle at the skin entrance as a depth control; any additional 
passes will require film verification only in the frontal projection. 
Im some cases, a major resistance is felt as the needle enters 
the tumor. Next the needle is rotated and moved up and down 
about 1 cm in order to loosen cells, and the stylet is removed. 
Suction is applied with a 10 ml plastic syringe ccnnected to the 
needle, while up and down motion is again instituted several 
times within the mass. Suction is relieved when the first drop of 
fluid appears in the syringe; then the needle is completely 
withdrawn. A small drop of the aspirate is extruded from the 
needle onto a sterile slide, and imprints are made by pressing 
gercly-on several others. These slides are immed ately placed in 
95% ethanol for Papanicolau staining. With tne rest of the 
material in the needle, other slides are prepared, air dried, and 
stained with the Hema-tek slide stainer for Wrights-Giemsa. 


Results 


Table 1 lists the localization examination and biopsy 
approach for the 49 cases. The overall accuracy (table 2) 
ultimately depends on the precise placement of the thin 
Chiba needle into the mass and expertise in cytologic 
interpretation. The most definitive result is a positive 
cytologic diagnosis for malignancy. Negative cytology is 
less helpful since it may mean that a tumor was missed 
by the needle or a benign growth or inflammation is 
present. Malignant tumors with abundant fibrous stroma 
often yield a false negative cytology (e.g., cholangiocar- 
cinemas). 

Two patients had negative cytologies from lymph node 
bioosies; the nodes were classified by lymphography as 
suspicious for malignancy. Surgical node resection in 
one patient was negative, and an abdominal radiograph 
after 9 months in the other revealec no evidence of 
chenge in the appearance of the node. These cases were 
corsidered true negative biopsies. Our overall accuracy 
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TABLE 1 
Localization Examination and Biopsy Approach 
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has been 81.6%. No complications were encountered in 
our series, which has also been the experience of others. 


Discussion 


Various modalities for needle placement have been 
described, including computed tomography [8, 9], ultra- 
sound [1, 3, 4, 10-12], fluoroscopy [2, 13-16], and 
radiography [2, 13-15]. We feel that fluoroscopic guid- 
ance with spot filming of the needle in the frontal plane 
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Fig. 1.—72-year-old male with right 
renal mass found on excretory urog- 
raphy. A, Late phase of renal arterio- 
gram. Avascular defects (a) and (b) 
involve upper pole and defect (c) is 
along lateral margin of kidney. Defect 
(a) has poorly defined borders. B and 
C, Prone posteroanterior and transta- 
ble lateral views with needles in de- 
fects. Following aspiration of clear 
fluid from defect (b), injection of con- 
trast shows simple cyst. Tip of second 
needle (arrow) is within defect (a). 
Aspiration biopsy was performed after 
failure to aspirate fluid. D, Cluster of 
carcinoma cells arranged in papillary 
fashion. Cells with foamy cytoplasm 
are consistent with papillary renal cell 
carcinoma. 
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Fig. 2.—32-year-old female with dull left flank pain 
and history of carcinoma of cervix. A, Left retrograde 
pyelogram showing stricture of proximal third of left 
ureter. B and C, Prone posteroanterior and transtable 
lateral views showing tip of biopsy needle (arrow) at 
ureteral stricture. D, Cancer cells with large nucleoli, 
chromatin clumps in nuclear membrane, and occa- 
sional cytoplasmic keratinization consistent with cer- 
vical carcinoma. 


Fig. 3.— 69-year-old male after cholecystojejunostomy for obstructive jaundice witi no tissue diagnosis established. A and B, Supine anteroposterior 
and transtable lateral views of transhepatic cholangiogram showing tip of biopsy needle (arrow) at site of common duct obstruction. C, Carcinoma cells 
with large irregular nuclei with clumped chromatin and giant irregular nucleoli consistent with adenocarcinoma. 


followed by horizontal beam radiography in the lateral 
projection to verify depth is highly accurate, rapid, and 
can be performed in any conventional fluoroscopy room 
by most genera! radiologists interested in this technique. 

CT-guided thin needle biopsy has an obvious advan- 
tage for aspirating lesions which do not impinge upon 
opacifiable structures and therefore cannot be pin- 
pointed using fiuoroscopy. The best examples of these 
are abdominal and retroperitoneal abscesses [9]. In our 
experience with numerous tumors in various locations, 
this is a relatively infrequent situation. Haaga and Alfidi 
[8] presented five case reports and stressed the advan- 
tage of CT-assisted thin needle aspiration biopsy in 


kidney, liver, sacrum, and pancreas. Except in the case 
of a liver abscess, our opinion is that sufficient markers 
are evailable to use the fluoroscopically-guided tech- 
nique, and that CT guidance is not essential. To be cost 
effeccive, CT scanners require a high volume of exami- 
nations, which is not compatible with the increased time 
required for biopsy procedures. We limit CT-guided 
procedures to cases in which the lesion cannot be 
localized by any other modality. 

Ult-asound eliminates radiation exposure and does not 
require markers [1, 3, 4, 10-12]. One disadvantage is that 
although the depth of the lesion is measured by the A 
mode, the tip of the needle is not actually observed in 


solid homogeneous lesions. This is of practical signifi- 
cance because of the needle’s flexibility: the tip may be 
at the proper depth but off course and therefore out of 
the lesion. Radiography allows two-plane verification of 
the needle position relative to the marker with millimeter 
accuracy prior to biopsy (see fig. 5). Another disadvan- 
tage of ultrasound is that bowel gas can obscure the 
organ of interest. In addition, small lymph node abnor- 
malities seen by lymphography are beyond the resolution 
of sonography. 

Markers for reference in guiding the needle are accom- 
plished by appropriate contrast examinations which 
opacify the involved organ or affected adjacent struc- 
tures prior to the procedure. Renal, suprarenal, ureteric, 
and other retroperitoneal areas affecting the urinary 
system are easily marked by intravenous urography (figs. 
1 and 2). Lesions in the head of the pancreas or primary 
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Fig. 4.—64-year-old male with clinical diagnosis of 
carcinoma of body of pancreas. A, Celiac arteriogram 
showing area of encasement of splenic artery (arrows) 
and needle (N) just above it. Clear fluid was aspirated 
which had high amylase content. B, Injection of con- 
trast media showing small pancreatic pseudocyst (Pc). 
C and D, Anteroposterior and transtable lateral celiac 
arteriogram after reinsertion of needle in correct posi- 
tion for pancreatic biopsy, below area of encasement 
(arrow). E, Cluster of pleomorphic epithelial cells with 
large irregular hyperchromatic nuclei with prominent 
nucleoli arranged in clusters consistent with poorly 
differentiated adenocarcinoma. 





bile duct carcinomas obstructing the biliary system can 
be marked by percutaneous transhepatic cholangiogra- 
phy (fig. 3). Cholangiography should be initially per- 
formed to delineate the obstruction followed by thin 
needle biopsy performed on the mass within or immedi- 
ately adjacent to the narrowed or obstructed bile duct 
Smaller lesions in the body and tail of the pancreas 
detected primarily by arteriography can be biopsied 
during the procedure with the opacified vessel serving 
as a marker [5, 14] (figs. 4 and 5). If signs of a pancreatic 
carcinoma are demonstrated by arteriography, arterio- 
graphic guidance will probably be superior to any other 
marker, since the tumor will be separated from surround- 
ing areas of pancreatitis. 

Large pancreatic masses of the body and tail which 
affect the stomach and/or duodenum can be marked by 
air in these organs [2]. Liver masses affecting the bile 
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Fig. 5.—61-year-old male with 
weight loss and abdominal pain. 
Splenic arteriogram showing en- 
casement of splenic artery (arrows) 
with two-plane confirmation of pre- 
cise needle tip position. Patient had 
carcinoma of pancreatic tail. 


Fig. 6.—22-year-old male with left testicular mass. Anteroposterior (A), oblique 8), and lateral (C) views after lymphangiogram showing localized 
defect in left periaortic lymph node at level of L3 (arrow). Tip of needle within defect. Cytology was positive for seminoma. 


duct can also be marked by percutaneuos transhepatic 
cholangiography. Tumors within or extrinsic to the infe- 
rior vena cava can be marked by inferior cavography. 
Lymphography often reveals unifocal nodal defects and 
provides a marker for thin needle aspiration biopsy [2, 
13, 15] (fig. 6). This series did not include any lymph 
node biopsies in cases of suspected lymphoma. 


2. 
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Association of Antral Diaphragms and Hypertrophic Pyloric Stenosis 


GERALD A. MANCELL' 


In a 2 year period at Children’s Hospital of Philadelphia, 
seven human infants and a baby orangutan all presented with 
a previously unreported association of a prepyloric membrane 
and hypertrophic pyloric stenosis. In the humans, the pyloric 
stenosis was the obstructive lesion, and in the orangutan, the 
web. We also report a 6-year-old patient with previous pyloro- 
myotomy who presented because of prolonged retention of a 
marble in the stomach by an associated antral membrane. 


Prepyloric gastric antral membranes have been de- 
scribed relatively infrequently. Bell et al. [1] recently 
reviewed the literature, revising the total number of 
reported cases to 44. Seven infants with nonobstructive 
webs in association with hypertrophic pyloric stenosis 
were seen in the past 2 years at Children’s Hospital of 
Philadelphia. Two other unusual but related examples 
also were seen in this time period: a 6-year-old child with 
history of a previous pyloromyotomy for hypertrophic 
pyloric stenosis who was admitted because of prolonged 
retention of a foreign body secondary to a prepyloric 
web and a newborn orangutan shown to have an ob- 
structive antral membrane by radiography and associ- 
ated hypertrophic pyloric muscle at surgery. 


Case Material and Findings 


In a 2 year period 60 patients were operated on for 
hypertrophic pyloric stenosis at Children’s Hospital of 
Philadelphia. Of these, 29% were examined with upper 
gastrointestinal series because of either equivocal clini- 
cal history or physical examination. Upper gastrointes- 
tinal examination was begun by inserting at no. 8 French 
plastic feeding tube into the stomach and evacuating the 
gastric contents. A barium water mixture was selectively 
placed into the antrum to provide good definition of the 
gastric outlet pathology. Barium was evacuated via the 
feeding tube following the radiographic study, thus pre- 
venting significant aspiration of barium. 

Seven of the patients with radiographic studies were 
found to have a very thin nonobstructive prepyloric 
membrane (figs. 1-3). The five males and two females 
ranged in age from 4 to 8 weeks. Duration of vomiting 
prior to examination varied from 3 days to 5 weeks. All 
infants were Caucasian; no associated congenital anom- 
alies were present. 


Case Reports 


Case | 


A 6-year-old male swallowed a marble 1 month before admis- 
sion. Subsequently, there were several unexplained episodes of 
apnea and cyanosis at unpredictable intervals lasting approxi- 
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mate y 30 sec. Abdominal films revealed marble in the stomach. 
An upper gastrointestinal series demonstrated an antral web 
(fig. 4). Pertinent past medical history included a pyloromy- 
otomy at age 3 weeks. At surgery a semilunar prepyloric web 
was ‘ound. A Heinecke-Mikulicz pyloroplasty and appendec- 
tomy were performed. 


Case 2 


A 1.38 kg female orangutan had repeated 2 hr postprandial 
vomeing at 24 hr of age. No bowel movements occurred in the 
first 2 days of life. Plain radiographs of the abdomen showed a 
distended stomach with minimal distal gas, implying incomplete 
obstruction at the level of the stomach. An upper gastrointes- 
tinal series with a nasogastric tube showed evidence of an 
antrel obstruction by a tight web (fig. 5A). A barium enema 
revealed normal colon position, with relief of multiple meco- 
nium plugs. Surgery at the University of Pennsylvania Veterinary 
School initially relieved the obstruction by resection of an antral 
web and splitting of thickened pyloric musculature (fig. 5B). 
The orangutan was operated upon again at age 7 days because 
of persistent pyloric edema necessitating a gastroenterostomy. 


Discussion 


Hypertrophic pyloric stenosis occurs in approximately 
one of 400-500 patients [2] and is the most common 





Fig. 1.—7-week-old female with symptoms for 5 weeks. Linear 
lucency (arrows) of nonobstructive antral web. Mass effect of 
Nwpertrophied pyloric muscle is demonstrated on superior antral 
surface. 
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Fig. 2.—5-week-old male with symptoms for 3 days. A, Preoperative examination showing elongated pyloric channel and 
nonobstructive antral web (arrowheads). B, Film 1 month later showing residual deformity of antral-pyloric region from 
pyloromyotomy and unchanged nonobstructive antral web (arrows). 





Fig. 3.—8-week-old male with symptoms for 4 weeks. Film 
shows nonobstructive web (arrows) and mass effect on antrum. 


cause of surgical intervention in infancy. Most cases 
present with projectile nonbilious vomiting in weeks 3-5 
of life. The ratio of affected males to females is 4:1. If a 
pyloric tumor is palpated by an astute clinician, surgery 
is usually undertaken without a confirmatory upper gas- 
trointestinal series. In these cases, 85% accuracy pre- 
vails. When the diagnosis is less clear, a barium study is 
used to search for an elongated pyloric channel, mass 
indenting the antrum with a shoulder effect, and mass 





Fig. 4.— Case 1. Radiograph demonstrating antral membrane 
(arrowheads) in patient with prolonged retention of a marble and 
persistent pyloric deformity from previous pyloromyotomy. 


indenting the duodenal bulb. Pyloromyotomy is the usual 
therapy. 

The etiology of pyloric stenosis remains obscure. In 
1930, Lehman (cited in [3]) advanced the theory of a 
congenital inability of the pyloric sphincter to relax with 
subsequent hypertrophy of the pyloric musculature prox- 
imal to the sphincter forming the pyloric tumor. By 
suturing the pyloric sphincter closed in puppies, Mishal- 
any [3] attempted to reproduce the same situation; how- 
ever, he found that the entire stomach proximal to the 
obstruction became hypertrophied. Belding and Kero- 
han [4] and Raia et al. [5] in independent studies found 
degenerated cells of the myenteric plexus in the pylorus. 
These changes appeared reversible. In 1946, Wallgren 
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Fig. 5.—Case 2, baby orangutan. A, Barium in stomach demonstrating central canal indicative of tight web and no eccentric 
mass effect of pyloric muscle. B, Diagram depicting surgical findings. (Reprinted with permission from Armand WB: ‘'Chicie.” 


Animal Kingdom (Philadelphia Zoo Section) 80:5-7, 1977). 


[6] refuted most theories of a congenital explanation for 
hypertrophic pyloric stenosis by studying 1,000 newborn 
Swedish infants. Five of these subsequently developed 
the entity. The original fluoroscopic examinations of all 
the infants were unremarkable. 

In our series, seven patients had a nonobstructive 
antral web in association with hypertrophic pyloric ste- 
nosis. In this group of patients there were no differences 
in age of presentation, a slightly lower male sex prepon- 
derance (five males, two females), and symptoms similar 
to children with hypertrophic pyloric stenosis alone. 
Antral pyloric membranes consisting of two layers of 
mucosa with one layer of submucosa between usually 
occur 1-7 cm proximal to the pylorus [7-9]. On radio- 
graphs, a thin linear filling defect usually 2-3 mm thick is 
seen running perpendicular to the long axis of the 
antrum and 2-3 cm proximal to the pylorus. A ‘‘double- 
bulb” deformity with barium in the bulb and in the 
pyloric channel distal to the web is sometimes observed. 
Infants with antral webs may develop postprandial vom- 
iting as thicker foods are added to the diet. Nonobstruc- 
tive webs are usually completely asymptomatic unless a 
large object such as a foreign body is swallowed. This 
occurred in case 1 when a small marble was swallowed 
and retained. 

Webs have never been emphasized as being associ- 
ated with hypertrophic pyloric stenosis. In eight cases of 
antral diaphragm, Bell et al. [1] described one with both 
pyloric stenosis and antral web. At surgery a pyloromy- 
otomy was performed, and a proximal gastrotomy al- 
lowed exploration of the stomach. The web was a non- 
obstructing crescentic prominent fold extending 2-3 mm 
into the lumen; it was not resected. In our patients no 
gastrotomy or endoscopy was performed. Fluoroscopi- 
cally the webs were noted not to be obstructive in nature. 
Two patients had repeat fluoroscopic examinations at 
another date with demonstration again of the thin non- 


obstructive membrane. Even when endoscopy is per- 
formed, the thinness of the web may hamper its demon- 
stration [10]. 

While a nonobstructing membrane has little signifi- 
cance, awareness may help solve the problem of pro- 
longed foreign bodies in the stomach [11]. The incidence 
of nonobstructing webs may be large in the normal 
population; they can be overlooked at autoosy because 
of their small size. Rowling [10] did not report a single 
case in over 2,000 autopsies. 

Numerous theories as to web etiology have been 
proffered [1]. Fetal vascular accident with insult to the 
bowel or failure of recanalization do not apply. There is 
no proliferative phase demonstrated in the stomach. 
Probably the most feasible explanation is an excess of 
local endodermal proliferation and redundancy. In 50% 
of the series described by Bell et al. [1], several associ- 
ated anomalies were noted (coarctation, duodenal ste- 
nosis, ventricular septal defect, and patent ductus arte- 
riosus). In our series no significant association with 
congenital anomalies could be demonstrated. Another 
theory is that the membrane develops secondary to a 
more distal obstruction. Ghahremani [12] reported ac- 
quired nonobstructive mucosal diaphragms in associa- 
tion with duodenal peptic ulcer disease. In our cases the 
redundant endothelial proliferation may be secondary to 
the preexisting obstruction in the pylorus. Because of 
the work hypertrophy against a spastic pyloric sphincter, 
redundant mucosal folds may develop. In contrast to the 
above evidence is the orangutan newborn that presented 
with coexisting prepyloric membrane and congenital 
pyloric stenosis. Perhaps coexistence of these lesions in 
this great ape, one of the more advanced primates, 
favors the theory of congenital origin. 

Thus far in humans, the evidence suggests that pyloric 
stenosis is the obstructing lesion and the antral mem- 
brane is just an associated nonobstructive accumulation 
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of mucosa. The antral membrane is of significance only 


ifa 


foreign body is swallowed and retained. 
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Double Contrast Barium Enema in Crohr’s Disease and Ulcerative Colitis 


FREDERICK M.KELVIN,' TERRENCE A. ODDSON, FEED P. RICE,’ JOHN T. GARBUTT,? 
AND BEN P. BRADENHAM? 


Double contrast barium enema examinations in 24 patients 
with Crohn’s disease of the colon and 29 patients with ulcera- 
tive colitis were reviewed without knowledge of the clinical 
diagnosis. The radiologic diagnosis of Crohn’s disease agreed 
with the clinical diagnosis in 98% of patients. In this condition 
the most common radiologic findings were discontinuous or 
asymmetric disease (88%) and discrete ulcers (67%) often on 
a normal mucosa. The latter are characteristic of early Crohn’s 
disease and may enable the radiologist to be the first to 
suggest the diagnosis, particularly when both sigmoidoscopy 
and small bowel examination are normal. Of the patients with 
ulcerative colitis, a positive radiologic diagnosis was made in 
83% on the basis of a granular mucosal pattern (79%) and 
continuous distal involvement (86%). The high accuracy of the 
double contrast technique, especially in Crohn’s disease, and 
the relative specificity of the signs that it can demonstrate 
suggest that this is the preferred examination in the radiologic 
evaluation of inflammatory bowel disease. 


Recognition of Crohn's disease of the colon (granuloma- 
tous colitis) [1, 2] rests on combined evidence from 
Clinical, pathologic, and radiologic evaluation. Since its 
Clinical features are frequently similar to ulcerative coli- 
tis, considerable emphasis must be placed on the path- 
ologic and radiologic findings. Pathologic examination 
of colons resected for inflammatory bowel disease per- 
mits differentiation of the two entities in about 90% of 
cases [3]. 

Margulis et al. [4] found the conventional barium 
enema less accurate. In their series, only 70% of cases 
with Crohn's disease of the colon and 79% with ulcera- 
tive colitis were correctly diagnosed on retrospective 
analysis. More recently the double contrast barium 
enema has been advocated by Laufer and colleagues [5- 
8] for detecting the early changes of Crohn's disease of 
the colon and ulcerative colitis. They were able to distin- 
guish between the two conditions on radiologic criteria 
in 50 consecutive cases, with complete agreement with 
endoscopic and morphologic findings [8]. The above 
two series are not strictly comparable, since most of the 
patients in the former had advanced disease resulting in 
colectomy; therefore, the radiologic interpretation was 
correlated with the pathologic diagnosis mainly on the 
basis of resected colon specimens. This paper reports 
Our experience and accuracy with the double contrast 
technique in differentiating Crohn's disease of the colon 
from ulcerative colitis. 





Received December 20, 1977; accepted after revision March 17,1978. 


Subjects and Methods 


Deuble contrast barium enema examination was performed 
on 57 consecutive patients with ulcerative colitis or Crohn's 
disease of the colon. Of the 57, 55 patients were evaluated 
clinical y by a consultant gastroenterologist. Four patients were 
excluded from the series because insufficient clinical or patho- 
logic data existed to establish a firm diagnosis of either ulcera- 
tive col tis or Crohn's disease of the colon. 

The mean age of the 24 males and 29 females was 33.6 years 
(range, 17-59). The mean duration of symptoms was 7.3 years 
(range, 2 months to 29 years). Sigmoidoscopy was performed in 
52 patients, colonoscopy in 11, and rectal or colonic biopsies in 
32. Six patients had surgical resections of small or large bowel 
for inflammatory bowel disease. The presence of colitis second- 
ary o specific infection, ischemia, antibiotic administration, or 
dive ticular disease was excluded. 

O the 24 patients with Crohn's disease, 12 had the classic 
charges of Crohn's disease on standard radiographic examina- 
tions of the small bowel. Six of these patients had discrete or 
lineer colonic ulcers visualized by endoscopy. Pathologic con- 
firmation of Crohn's disease was obtained in four patients by 
examination of resected bowel or suction biopsy. 

Tbe remaining 12 with Crohn's disease had radiographically 
normal small bowel. The diagnosis was made cn the basis of 
endescopy and biopsy of the large bowel. Ten patients had 
discrete or linear ulcers at sigmoidoscopy. Six of these 10 
patients and one additional patient with normal sigmoidoscopy 
underwent diagnostic colonoscopy. Discrete or linear ulcers, 
skip areas, and asymmetric colonic inflammation were seen in 
all sven cases. In this group, one patient subsequently under- 
wem colectomy with pathologic confirmation of Crchn's dis- 
ease, end one patient had characteristic granulomas on colon- 
oscepic mucosal biopsy. The remaining patient, who did not 
have typical endoscopic changes of Crohn's disease showed 
grar ulomas on rectal mucosal biopsy. 

Tae 29 patients with ulcerative colitis were diagnosed on the 
basis cf the typical endoscopic appearance of a diffusely gran- 
ularor finely ulcerated rectal mucosa. Rectal or colonic biopsies 
in 13 patients and examination of total colectomy specimens in 
two provided pathologic confirmation of the clinical ciagnosis. 

AJ 53 patients were examined using the double contrast 
bartum enema technique. Bowel preparation included a clear 
liqued diet, laxatives (except in cases of very active colitis), and 
a ceansing enema or enemas in the radiology department. 
Polar (E-Z-Em Co., Westbury, N.Y.), a high density barium, 
was used in all patients. The technique was essentially that 
described by Laufer [7]. 

Tae double contrast examination of each patient was subse- 
quently reviewed independently by two of us (R. P. Rice and T. 
A. Oddson). Neither radiologist knew the clin cal ciagnosis. 
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TABLE 1 
Radiologic Findings 
Crohn's 


Disease 
of Colon 


Radiologic Finding a 
Crohn's disease: 
Specific: 
Discontinuous or asymmetric disease 21 (88) 


ISOPEN WOES E E bees 16 (67) 
TEANOVOTES SITTINGS: iiien 10 (42) 
Longitudinal fissures............... 7 (29) 
Deep ulcers (3 mm or more) ........ 6 (25) 
Right sided disease alone .......... 4 (16) 


Strongly suggestive: 


Terminal ileal disease .............. 12 (50) 2 (6) 


COORONG EEE 8 (33) 1 (3) 
Ulcerative colitis: 
Specific: 
Granular mucosa .................. 23 (79) 
Diffuse rectal disease .............. 23 (79) 
Strongly suggestive; continuous 
I E EE OPEET E 3 (12) 25 (86) 
Nonspecific findings: 
PON hc Sinks a 15 (63) 8 (27) 
Bo oirr nrsrnnii daa 2 (8) 4 (14) 
Wt ROME bits E L ewes 2 (8) 4 (14) 


Note.—Data on 24 patients with Crohn's disease and 29 with ulcerative colitis. 
Numbers in parentheses are percentages. 


TABLE 2 
Accuracy of Radiologic Diagnosis 


Radiologist Average 
Radiologic Diagnosis Accuracy 
A B (%) 
Crohn's disease: 
Correct diagnosis ........ 24(100) 23 (96) 98 
Indeterminate colitis ..... er 1 (4) ia 
Ulcerative colitis: 
Correct diagnosis ........ 25 (86) 23 (79) 83 
Indeterminate colitis ..... 2 (7) 3 (10.5) 
9 | a i oe ee er 2 (7) 3 (10.5) 


Note. —Numbers in parentheses are percentages. 


Radiographic features considered useful in the differential di- 
agnosis of the two conditions were individually assessed by 
both radiologists. Each feature was counted as positive only 
when both radiologists judged it to be present. Subsequently, a 
diagnosis of Crohn's disease of the colon, ulcerative colitis, 
indeterminate colitis, or normal was made by each radiologist. 


Results 


The incidence of the radiographic features and the 
accuracy of diagnosis are shown in tables 1 and 2. The 
average accuracy of the two radiologists in diagnosing 
Crohn's disease of the colon was 98%. Every patient with 
Crohn’s disease showed discontinuous or eccentric in- 
volvement (88%) and/or discrete ulcers (67%). These 
features formed the basis for the radiologic diagnosis. 
Other specific but less common signs were transverse 
stripes, longitudinal fissures, deep ulcers, and disease 
limited to the right side of the colon. Although small 
bowel reflux with a characteristically abnormal terminal 
ileum was evident on eight of the 24 patients with 


Crohn's disease, the colonic changes in themselves were 
specific enough to allow a confident radiologic diagno- 
Sis. 

The average accuracy of radiologic diagnosis of ulcer- 
ative colitis was 83%. All patients in whom the radiologic 
and clinical diagnoses agreed showed evidence of con- 
tinuous involvement (86%), a granular mucosa (79%) or 
diffuse rectal disease (79%). The latter two features were 
seen only in ulcerative colitis. 

Both radiologists agreed with the clinical diagnosis of 
Crohn's disease in all patients except one, in whom the 
only abnormality was a stricture at the rectosigmoid 
junction. In four patients with ulcerative colitis (repre- 
senting five radiologic interpretations), the radiologic 
features were nonspecific enough to result in a diagnosis 
of colitis of indeterminate nature. Three other patients 
with ulcerative colitis showed no abnormality on barium 
enema examination. 


Discussion 


It is pertinent to attempt to differentiate between 
Crohn's disease of the colon and ulcerative colitis, since 
the complications and prognosis of the two conditions 
differ. For example, the risk of carcinoma of the colon is 
considerably greater in ulcerative colitis [9]. Crohn’s 
disease tends to show a less satisfactory response to 
medical therapy, is often complicated by the develop- 
ment of abscesses and fistulae, and has a high incidence 
of postoperative recurrence. 


Crohn's Disease 


The changes of Crohn's disease in the small bowel are 
usually characteristic. In this series, only half the patients 
with Crohn's disease of the colon had an abnormal small 
bowel follow-through examination. Whereas some re- 
ports have suggested small bowel involvement to occur 
in 80% [10] to 100% [11] of patients with Crohn's disease 
of the colon, others have found the incidence to be as 
low as 41% [12], 43% [4], and 56% [8]. These varying 
incidences probably in part reflect false negative radio- 
graphic small bowel examinations which have been 
shown to occur in about 50%-70% of patients who 
subsequently undergo histologic examination of the 
small bowel [13, 14]. Therefore, it is important to realize 
the frequency with which the small bowel follow-through 
examination appears normal in Crohn's disease of the 
colon. In this group of patients, early radiographic diag- 
nosis of the condition may depend on a colon examina- 
tion capable of demonstrating fine mucosal changes. 

‘‘Aphthoid”’ or discrete ulcers are among the earliest 
demonstrable mucosal lesions of Crohn’s disease and 
are well known to pathologists [15]. They often occur on 
a background of normal mucosa. Less commonly they 
are seen within or at the margins of an area of severe 
disease. These ulcers can frequently be seen en face on 
double contrast examination as round or oval well de- 
fined collections of barium, varying in size from one to 
several millimeters (figs. 1 and 2), often with a surround- 
ing halo (fig. 1). The well defined border corresponds to 
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Fig. 1.—Crohn’s disease. A, Distal colon with several large discrete ulcers on background of normal mucosa in descending 


colon. B, Enlarged view of discrete ulcers demonstrating halo (arrows) surrounding several ulcers. 
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Fig. 2.—Crohn's disease. A, Severe stricturing of right colon and psewdodiverticula in transverse colon. Sigmoid and lower 
descending colon appear grossly normal. B, Spot film of sigmoid and lewer descending colon showing small discrete ulcers 
(arrows). 


the clearcut margin often seen on endoscopy in Crohn's 
disease. It is doubtful whether these discrete ulcers, 
when small, can be seen on a conventional barium 
enema study. In our series they were present in 67% of 
patients with Crohn's disease, a similar incidence to that 
reported by Laufer and Hamilton [8]. In neither of these 


two se“ies were they seen in ulcerative colitis. These 
discrete ulcers may have important therapeutic as well 
as diagnostic significance because, if left behind at 
surgery, they may form the basis for postoperative ‘‘re- 
currence.” In two patients reported by Brahme and 
Wenckert [16], symptoms recurred within 3 months of 
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surgery, and substantial extension of disease at the site 
of previously unrecognized small ulcers in the remaining 
colon was found on repeat double contrast examination. 

Three patients in our series showed discrete ulcers as 
the main or only finding, and in two of these patients the 
symptoms were present for less than 3 months. This 
leads us to believe that the double contrast technique is 
particularly useful in the early stages of Crohn's disease, 
since the conventional examination cannot be relied on 
to show the same degree of detail. Discrete ulcerations 
of the colonic mucosa may be seen in other inflammatory 
colitides (e.g., amebic colitis) and should not be consid- 
ered pathognomonic of Crohn's disease. However, since 
they are not seen in ulcerative colitis, they are of consid- 
erable value in the differential diagnosis of nonspecific 
inflammatory bowel disease. 

One of the hallmarks of Crohn's disease is its patchy 
distribution. This may manifest itself as discontinuous 
lesions along the length of the bowel or in a more 
localized fashion as asymmetric involvement of one area 
(fig. 3). Occasionally the asymmetric nature of the dis- 
ease process results in pseudodiverticula (fig. 2A). Dis- 
continuous or asymmetric involvement was present in 
88% of our patients with Crohn’s disease, representing 
the most common abnormality. No patient with ulcera- 
tive colitis showed this patchy distribution. 

The combination of submucosal swelling and trans- 
verse fissuring may result in deep transverse grooves. 
These grooves appear on radiological examination as 
transverse stripes of contrast medium. They tend to be 
crowded together and are straight in outline, in contra- 
distinction to haustra which usually have a slight curva- 
ture and are generally more widely separated (fig. 4). We 
observed transverse stripes in 42% of patients with 
Crohn's disease and did not find them in any patient with 
ulcerative colitis. Welin and Welin [17] considered these 
transverse stripes to be a pathognomonic sign of Crohn's 
disease. Longitudinal fissures were also seen in our 
series (fig. 5), though less frequently (29%). 

The depth of the ulcers in inflammatory bowel disease 
may be of considerable diagnostic help. Deep ulcers (3 
mm or more) were present in 25% of cases with Crohn's 
disease (fig. 5); they were not seen in ulcerative colitis. 
Stanley et al. [12] found deep ulcers frequently (66%) in 
Crohn’s disease, but in only two of 33 patients with 
ulcerative colitis. This is not surprising since ulcerative 
colitis is predominantly a disease involving the mucosa, 
in contrast to the transmural nature of Crohn's disease. 
Many authors have used exotic terms to describe the 
shape of colonic ulcers and suggested these varying 
shapes may have diagnostic significance. Friedland [18] 
stressed that it is the depth of the ulcers, rather than 
their shape, that is important in differentiating the two 
conditions. 

The distribution of colonic involvement has been em- 
phasized in the literature. We found, like Margulis et al. 
[4], that disease limited to the right side of the colon 
always indicated Crohn's disease. Patients with involve- 
ment of the cecum invariably had disease of the terminal 
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Fig. 3.—Crohn's disease. Asymmetric disease with flattening and 
irregularity involving only inferior border of distal transverse colon 
(arrow). Severe disease is present in descending colon. 


Fig. 4.—Crohn's disease.Transverse colon contains crowded trans- 
verse stripes (arrow) with characteristic straight margins. Compare 
few remaining haustra more proximally and distally that have slight but 
definite curve. Several pseudodiverticula are also present. 


ileum. In contrast to the significance of right-sided co- 
lonic disease, changes limited to the distal colon oc- 
curred in both ulcerative colitis and Crohn’s disease. The 
rectum in Crohn's disease often appears normal on 
barium enema. When rectal involvement occurs in this 
condition, it usually manifests itself as discrete ulcers. 
These were present on radiologic examination in four of 
our patients. 

Using the conventional barium enema, Margulis et al. 
[4] found that the individual radiographic signs in 
Crohn’s disease of the colon and ulcerative colitis 
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Fig. 5.—Crohn's disease. Deep ulcers are evident in splenic 
flexure. Numerous transverse stripes with some longitudinal fis- 


sures (arrows) can be seen in descending colon. Note several 
discrete ulcers on normal mucosa in sigmoid colon. 





showed considerable overlap. The frequency and speci- 
ficity of the signs present on double contrast barium 
enema in our patients with Crohn's disease explain the 
greater accuracy of the technique in this condition. 


Ulcerative Colitis 


The earliest colonic change in ulcerative colitis is from 
the normal featureless mucosa to one with a diffusely 
fine granular pattern (fig. 6) [19, 20]. The diffuse nature 
of the involvement in the affected area contrasts vividly 
with the patchy changes seen in Crohn's disease. Sig- 
moidoscopy has shown the fine granular pattern to 
correspond to an edematous, uneven mucosa without 
evidence of gross ulceration. Therefore, the contour of 
the colon is smooth at this stage. More severe involve- 
ment is radiologically identified by the presence of mar- 
ginal ulceration. 

In our series 79% of patients with ulcerative colitis had 
granular mucosa. Thorough bowel preparation is crucial 
in patients with suspected inflammatory bowel disease, 
since even a small amount of debris in the colon can 
produce a finely granular pattern that may mimic ulcera- 
tive colitis. It is noteworthy that the presence of a diffuse 
finely granular mucosa is probably not detectable on 
conventional barium enema study. This may explain the 
greater accuracy of the double contrast technique in the 





Te. l 
} = » "< rey zt 


Fie. 6 —Utcerative colitis. Diffusely granular mucosa is seen through- 
out rectum. Compare with normal mucosa of sigmoid colon. 


detection of mild ulcerative colitis. Fennessy et al. [21], 
using conventional barium enemas, were unable to di- 
agnose, even retrospectively, 18% of patients with mild 
disease. Using the double contrast technique, Simpkins 
and Stevenson [22] failed to detect early changes in only 
3.2% of their patients. 

Im two of our patients the rectum appeared entirely 
normal! radiologically, but more proximally there was 
diffuse granularity of the colon indicating the presence 
of Ulcerative colitis. It is important not to be deflected 
from the diagnosis of ulcerative colitis merely because 
the rectum shows no radiologic abnormality. Rectal 
spaing on radiologic examination occurred in about 
20% of patients in our as well as other seres [4, 9]. All 
patients in whom ulcerative colitis was radiologically 
reccgnized showed continuous disease with uniformly 
diffese involvement (fig. 7). No patient unequivocally 
exh bited the patchy disease that is so characteristic of 
Cronns colitis. 

Pseudopolyps are more common in ulcerative colitis, 
but may also occur in Crohn's disease. Their nonspeci- 
ficity makes their identification of little diagnostic value. 
Simlarly, the presence of strictures or total colon in- 
volvement was not markedly different in the two dis- 
eases. 

O the three patients with ulcerative colitis and a 
normal barium enema, two were asymptomatic at the 
time of examination and the third had inactive disease at 
colcnoscopy. Four patients had a barium enema show- 
ing changes that were nonspecific. Two of these four 
patients with ulcerative colitis had proctoscopic evi- 
dence of mild and limited disease. Problems in the 
radblogic detection of mild ulcerative colitis or disease 
limied to the rectum fortunately are balanced by the 
pos-tivity of sigmoidoscopic diagnosis as occurred in all 
our 29 patients. The value of the radiologic examination 
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Fig. 7.— Ulcerative colitis. A,Continuous disease evidenced by granular mucosal pattern distal to midtransverse colon. B, 
Spot film of splenic flexure clearly showing diffusely granular mucosa. 


of the colon in ulcerative colitis is more to document the 
extent, severity, and possible complications of the dis- 
ease than to establish the diagnosis. 

One of the major concerns in the evaluation of colitis 
has been the safety of performing the double contrast 
barium enema because of the risk of exacerbating the 
condition or even producing a perforation. We have not 
observed any untoward effect resulting from the proce- 
dure and, indeed, have noted that many patients find the 
examination less uncomfortable than the conventional 
examination. More extensive experience at other centers 
has confirmed the safety of the technique in active 
inflammatory bowel disease [19, 20]. When significant 
discomfort is experienced, intravenous injection of 0.5 
mg of glucagon produces considerable relief and per- 
mits a greater degree of air distension of the colon. 

Patients with toxic megacolon constitute a contraindi- 
cation to any form of barium enema study. Examination 
of patients with very severe active colitis is deferred until 
there is clinical improvement. Patients with less severe 
active colitis can be examined provided the bowel prep- 
aration is modified. It is our policy in these patients to 
omit any laxatives and use only a clear liquid diet and 
cleansing enemas. 

Our findings suggest that the double contrast tech- 
nique is a safe and accurate method of diagnosing 
inflammatory bowel disease, particularly Crohn's disease 
of the colon. Changes of inflammatory bowel disease 
may be recognized at an early stage, during which the 
presence of discrete ulcers suggesting Crohn's disease 


and a granular mucosa suggesting ulcerative colitis 
should be carefully sought. Specific signs in these con- 
ditions seem to be present more frequently when the 
double contrast technique is used. 


REFERENCES 


1. Lockhart-Mummery HE, Morson BC: Crohn's disease (re- 
gional enteritis) of the large intestine and its distinction 
from ulcerative colitis. Gut 1:87-105, 1960 

2. Wolf BS, Marshak RH: Granulomatous colitis (Crohn's dis- 
ease of the colon). Am J Roentgenol 88 :662-670, 1962 

3. Price AB, Morson BC: Inflammatory bowel disease: the 
surgical pathology of Crohn's disease and ulcerative colitis. 
Hum Pathol 6:7-29,1975 

4. Margulis AR, Goldberg HI, Lawson TL, Montgomery CK, 
Rambo ON, Noonan CD, Amberg JR: The overlapping 
spectrum of ulcerative and granulomatous colitis: a roent- 
genographic-pathologic study. Am J Roentgenol 113:325- 
334, 1971 

5. Laufer |: The radiologic demonstration of early changes in 
ulcerative colitis by double contrast technique. J Can Assoc 
Radiol 26: 116-121, 1975 

6. Laufer I, Mullens JE, Hamilton J: Correlation of endoscopy 
and double contrast radiography in the early stages of 
ulcerative and granulomatous colitis. Radiology 118:1-5, 
1976 

7. Laufer |: Air contrast studies of the colon in inflammatory 
bowel disease. Crit Rev Diagn Imaging 9: 421-447, 1977 

8. Laufer |, Hamilton J: The radiological differentiation be- 
tween ulcerative and granulomatous colitis by double con- 
trast radiology. Am J Gastroenterol 66 : 259-269, 1976 

9. Devroede GJ: Differential diagnosis of colitis. Can J Surg 


10. 


oT 


12. 


13. 


14. 


15. 


DOUBLE CONTRAST IN INFLAMMATORY COLON DISEASE 


17 :369-374, 1974 

Marshak RH: Granulomatous disease of the intestinal tract 
(Crohn's disease). Radiology 114:3-22, 1975 

Brahme F: Granulomatous colitis: roentgenologic appear- 
ance and course of the lesions. Am J Roentgenol 99:35-44, 
1967 

Stanley P, Kelsey Fry |, Dawson AM, Dyer N: Radiological 
signs of ulcerative colitis and Crohn's disease of the colon. 
Clin Radiol 22 : 434-442, 1971 

Nelson JA, Margulis AR, Goldberg HI, Lawson TL: Granu- 
lomatous colitis: significance of involvement of the terminal 
ileum. Gastroenterology 64:1071-1076, 1973 

Korelitz BI, Present DH, Alpert LI, Marshak RH, Janowitz 
HD: Recurrent regional ileitis after ileostomy and colectomy 
for granulomatous colitis. N Engl J Med 287:110-115, 1972 
Morson BC: Histopathology in regional enteritis (Crohn's 
disease), in Skandia International Symposia, edited by 
Engel A, Larsson T, Stockholm, Nordiska Bokhandelns, 
1971, pp 15-33 


16. 


17, 


18. 


TA, 


20. 


2i, 


ne. 


213 


Brahme F, Wenckert A: Spread of lesions in Crohn's disease 
ot the colon. Gut 11:576-584, 1970 

Welir S, Welin G: A pathognomonic roentgenologic sign of 
regianal ileitis (Crohn's disease). Dis Colon Rectum 16:473- 
478, 1973 

F iedland GW: The radiological differential ciagnosis be- 
tween ulcerative and granulomatous (Crohn's) colitis. Calif 
Msd 119:14-21, 1973 

Welin S, Brahme F: The double contrast method in ulcera- 
tive colitis. Acta Radiol (Stockh) 55:257-271, 1961 

Bartram C: Radiology in the current assessment of ulcera- 
tive colitis. Gastrointest Radiol 1:383-392, 1977 

Fenmessy JJ, Sparberg M, Kirsner JB: Early roantgen mani- 
festazions of mild ulcerative colitis and proctitis. Radiology 
8” 848-858, 1966 

Smekins KC, Stevenson GW: The modified Malmö double 
Contrast barium enema in colitis: an assessment of its 
accuracy in reflecting sigmoidoscopic findings. Br J Radiol 
45 436-492, 1972 


1979 ARRS Meeting 


Advance information of the 79th annual meeting of the 
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Malignant Fistulae of the Gastrointestinal Tract 


LUIS O. MARTINEZ,’ LEON H. MANHEIMER,? GEFMAN L. CASAL,’ AND JACK LUBIN? 


Internal malignant fistulae of the gastrointestinal tract in- 
volving two or more loops of different segments of the bowel 
are rare. The colon is frequently one of the participating loops. 
Observations on four such cases indicate that the fistulous 
tract connecting the two bowel loops is usually linear, some- 
what wide, and does not produce significant approximation of 
the bowel loops involved. These radiographic features help to 
differentiate such fistulae from the benign type. 


The development of a fistula between segments of the 
gastrointestinal tract is a rare occurrence in malignant 
disease. In a review of all the malignant gastrointestinal 
tumors at the Mayo Clinic from 1947 to 1958, 18 malig- 
nant fistulae were found [1]. In another review of 3,200 
carcinomas of the colon and 1,500 carcinomas of the 
stomach at the Lahey Clinic, 11 malignant fistulae were 
found [2]. In an excellent compilation of reported cases 
of gastrocolic fistulae, Allison [3] found the carcinoma to 
be of gastric origin in 100 cases, colic in 56 cases, and 
pancreatic in two cases; there were also four cases of 
lymphoma and one carcinoid tumor. 

On the other hand, benign fistulae are fairly common. 
Well known are gastrojejunocolic fistulae secondary to 
peptic ulcer disease, especially after gastrectomy with 
marginal ulceration [1], and enteric fistulae found in 
Crohn's disease. Other inflammatory processes such as 
abscess, diverticulitis, and cholecystitis may also lead to 
the formation of the fistulae. The establishment of radio- 
logic criteria for the differentiation of malignant and 
benign fistulae may prove of practical significance in the 
preoperative management of such patients who usually 
are very ill and present a diagnostic challenge. 


Case Reports 
Case 1 


N. E., a 72-year-old man, presented with weight loss, anemia, 
and diarrhea. A poorly defined abdominal mass was palpated. 
Barium enema showed a 7 cm long fistula between the sigmoid 
and ileum (fig. 1). At surgery, disseminated carcinoma was 
found, producing adhesions between several loops of the 
bowel. No histologic sections of the fistulous tract were avail- 
able for review. 


Case 2 


A. N., a 53-year-old woman, was hospitalized complaining of 
anorexia, fecal vomiting, and fecal eructation. An abdominal 
mass was not felt on physical examination. Barium enema 
demonstrated a 6 cm long fistulous tract between the transverse 
colon and antrum of the stomach (fig. 2A). At surgery, a tumor 
was found extending from the stomach to the transverse colon 
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and involving the omentum (fig. 2B). Histopathologic examina- 
tion revealed a carcinoid tumor involving both the stomach and 
colon along with a fistulous tract between them. 


Case 2 


M. L., a 79-year-old woman, presented with diarrhea and 
weight loss. On physical examination a low abdominal mass 
was felt. Barium enema revealed an ulcerating mass in the 
sigmoid with a fistula to the transverse duodenum with reflux 
into the stomach (fig. 3A). The tumor was a fungating, ulcerat- 
ing aeenocarcinoma which extended to the serosa. The fistu- 
lous act was 2 cm long and its wall contained tumor and 
fibrous stroma (fig. 3B). The duodenum was displeced caudally 
and tre sigmoid cephalad. 


Case 4 


E. F. an 88-year-old woman, was admitted because of 
marked anemia, weakness, and weight loss. The patient had 
unde gone a right hemicolectomy with ileocolostomy for aden- 
ocarGinema 1'/2 years before this admission. Physical examina- 
tion mvealed a firm mass in the right upper quacrant. A small 
bowe series showed distortion of colonic and ileal mucosa at 
the anastomotic site and a 3 cm long fistulous tract to a 
proximal small bowel loop (figs. 4A and 4B). At surgery, tumor 
was ound at the anastomotic site with extension into the 
abdoninal wall, trapping a loop of jejunum into the tumor mass. 
Examination of the specimen confirmed the radiographic and 





Fic. 1.—Case 1. Spot film of sigmoid colon during barium enema 


show'ng wide 7 cm long fistula (arrows) between sigmoid and loop of 
ileum 
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surgical findings; that is, a 3 cm jejunocolic fistula had devel- 
oped in the ulcerating, fungating, mucus-secreting adenocarci- 
noma at the anastomotic site (figs. 4C and 4D). 


Discussion 


A review of the literature does not reveal clear radio- 
graphic criteria for the differential diagnosis of malignant 
and benign gastrointestinal fistulae [1-5]. Complaints of 
fecal breath are present in one-third of gastrocolic fistu- 
lae, while severe and debilitating diarrhea is often seen 
in the enterocolic variety [6]. However, these findings are 
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Fig. 2.—Case 2.A, Barium enema 
demonstrating wide 4 cm long fistu- 
lous tract (arrows) between trans- 
verse colon and gastric antrum. B, 
Fixed gross specimen showing 
stomach above and colon below. 
Fistulous tract is between two ar- 
rows. Note thickness of wall of fis- 
tulous tract. 


Fig. 3.—Case 3.A, Barium enema 
revealing infiltrating ulcerated car- 
cinoma of sigmoid colon (straight 
arrows) with wide linear fistula 
(curved arrows) that joins sigmoid 
colon with third portion of duo- 
denum. B, Gross specimen showing 
long segment of colon with marked 
retraction of serosa (arrow). Extend- 
ing from retracted area is cuff of 
duodenum (clamp) which is in direct 
continuity with lumen of colon by 
fistulous tract. 


not specific for malignant fistula. A significant finding on 
physical examination suggesting malignancy is the pres- 
ence of an abdominal mass. This was present in nine of 
the 12 patients in the Mayo Clinic series [5] and in three 
of our four cases. 

The diagnosis of a fistula in each of our cases was 
initially based on a barium enema examination. The 
frequent demonstration of a gastrocolic fistula during a 
barium enema and its rare detection during an upper 
gastrointestinal series may be related to preferential flow 
from the colon to the stomach or small bowel. This may 
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Fig. 4.— Case 4. 1 hr follow-up film showing large fistulous tract joining small bowe! with transverse colon. B, Compression spot film of same study 
showing wide malignant fistulous tract (arrows) to proximal loop of small bowel from ileocolic anastomotic site. Note irregular mass at ileocclic end of 
fistula. C, External view of gross specimen consisting of ileocolic anastomosis, ard jejunocolic fistula. Single arrow points to margin of resection of 
ileum which extends into colon, surrounded by large tumor mass. Extending from temor mass are ends (double arrows) of jejunum which was involved. 
Tumor mass encases jejunocolic fistula. D, Opened specimen showing ileocolic anastomosis, tumor at resection margin, and opening o` fistulous 
tract. On left is segment of ileum (single arrow) which is anastomosed to colon (douS/e arrows). At anastomotic site is ulcerating tumor in wh ch orifice 


of jejunocolic fistula is seen (wide arrow). 


explain the infrequency of diarrhea. When present, it is 
usually secondary to a resulting enteritis rather than to 
the introduction of gastric contents into the large bowel 
[1-4]. 

The higher intraluminal pressure in the colon at the 
time of barium enema may overcome resistance in the 
rigid nondistensible fistula, allowing the passage of 
barium into the stomach or small bowel. When an upper 
gastrointestinal series is performed under more physio- 


logie conditions, the intraluminal pressure in the proxi- 
mal gastrointestinal tract may not be enough to over- 
come this resistance. Exception to this rule nay be 
prewous surgery with partial colectomy and some form 
of anastomosis between the small and large bcwel, as 
evidenced in case 4 in which the fistula was demon- 
straed by barium enema and small bowel series (figs. 4A 
and 4B). 

Ove of us (L. O. Martinez) observed that there was no 
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approximation of the bowel loops participating in the 
fistula as in benign fistulae. The fistulous tracts in all 
four cases were wide and linear. An explanation is that 
the malignant tumor and fibrosis act as a rigid segment 
between the two bowel loops. 

In gastrocolic and duodenocolic fistulae originating 
from carcinomas of the colon or stomach, tumors are 
almost always bulky, infiltrating, and associated with a 
marked inflammatory reaction [4]. Complete pathologic 
correlation was available in cases 2-4, and in all three 
the fistulous tract was found within a bulky necrotic 
tumor. The apparent mechanism is extension of tumor 
from the serosa of one viscus into the wall of another 
viscus followed by lumen-to-lumen necrosis. The fact 
that in malignant fistulous tracts the wall of the fistula 
contains growing tumor and fibrous stroma accounts for 
the length of these tracts. The proposed mechanism 
would then account for the separation of loops which 
are, at the same time, establishing an abnormal commu- 
nication through the necrotic center of a tumor. 
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Air in Gallbladder: A Frequent Finding in Gallstone lleus 


E. J. BALTHAZAR’ AND LAWRENCE S. SCHECHTER? 


A retrospective assessment of the presence of air in the 
biliary tract is presented, based on plain film findings in 16 
proven cases of gallstone ileus. In addition to five cases that 
demonstrated air in the biliary radicles, four cases exhibited 
air exclusively in the gallbladder and duodenal bulb. A clearly 
identifiable radiographic appearance composed of two adja- 
cent small air-fluid levels in the right upper quadrant is 
described. This radiographic feature represents the air- and 
fluid-filled duodenal cap adjacent to the visualized shrunken 
gallbladder. Recognition of this combination of findings helps 
in establishing a prompt preoperative diagnosis in cases of 
gallstone ileus. 


The clinical and radiographic features of biliary enteric 
fistulas and gallstone ileus have been extensively de- 
scribed in the last 40 years [1-14]. Gallstone ileus is an 
uncommon but potentially dangerous complication of 
cholelithiasis. It represents about 1% (0.4%-5%) of the 
total cases of small bowel obstruction [7, 12], with an 
increasing incidence in the 50 year and older age group 
[9]. The high mortality figures in the literature (30%-50%) 
are usually the consequence of delay or failure to estab- 
lish a correct preoperative diagnosis [7, 11]. We have 
previously emphasized the importance of the emergency 
contrast examination when faced with inconclusive plain 
abdominal films [15]. One of the pitfalls of plain abdomi- 
nal film diagnosis has been the inability to consistently 
determine the presence of air in the biliary tree. We have 
noted that identifiable collections of air may be present 
only in the gallbladder or gallbladder and duodenal bulb 
in some patients. This report analyzes the radiographic 
appearance and incidence of air in the gallbladder in a 
series of patients with gallstone obstruction. A radio- 
graphic sign is described that contributes to prompt 
recognition of such air, facilitating rapid diagnosis of 
gallstone ileus. 


Case Material 


Plain abdominal films and contrast studies in a series 
of 16 patients were examined retrospectively. The 12 
females and four males were proven at surgery to have 
mechanical small bowel obstruction secondary to an 
impacted gallstone. Patient ages ranged from 60-84 
years (average, 74 years). 


Findings 


Location of air as seen on the radiographs is shown in 
table 1. Air in the biliary radicles (common duct and/or 
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intrahepatic ducts) was visualized in five patients. In four 
of these, there was also evidence of air in the gallbladder 
(fig. 1). In the fifth patient a small amount of air was 
visualized in the biliary radicles without identifiable air in 
the gallbladder. 

Air was present exclusively in the gallbladder and 
duodenal bulb in four patients. Although this finding was 
missed at the initial interpretation, it was retrospectively 
proven with the help of barium examinations (fig. 2). In 
two additional patients, suspicious collections of air 
were noted in the right upper quadrant (probably gall- 
bladder) but were not proven. These patients did not 
have barium examinations prior to surgery. Single small 
collections of air in the right upper abdomen were 
difficult to evaluate for precise location. 


TABLE 1 
Radiographic Location of Air 








Location of Air 


Patient No. 








Gallbladder Duodenal Bulb waite ii 
Tukaona = + + 
ANA reer ~- + + 
e EET + + + 
EA ETE + + — 
O eee ee + + — 
ee E A = + — 
T eetws ie hon + + — 
e E ET +* — — 
: Pe re +* — — 
We ita EE os - + 
TT evseaa dha — = F 


Note. —In cases 12-16, no air was seen anywhere. 
* Suspicious collections of air in right upper quadrant, be- 
lieved to be gallbladder. 


Four of these six patients demonstrated a characteris- 
tic radiographic pattern. Two adjacent collections of air 
were seen in the upright films as two small a r-fluid levels 
(fig. 3). The air and fluid collections were at different 
levels but close to each other and to the right of the 
vertebral bodies L1 and L2. Subsequent examinations 
clearly demonstrated the medial collection to be the 
duodenal bulb and the lateral collection to represent air 
and fluid in a shrunken gallbladder (figs. 3 and 4). The 
presence of this pair of adjacent small air-fluid levels in 
the right upper quadrant therefore constitutes an impor- 
tant sien in the diagnosis of cholecystoduodenal fistulas. 
It woud also contribute to the diagnosis of gallstone 
ileus im the proper clinical setting. 
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Fig. 1.—Plain abdominal films 
demonstrating gallstone ileus. A, 
Supine view of upper abdomen 
showing air-filled stomach and duo- 
denal bulb. Air is in gallbladder (ar- 
rows ) and within biliary radicles. B, 
Upright examination showing adja- 
cent air-fluid levels within dilated 
duodenal cap medially and gallblad- 
der laterally (arrows), connected by 
air-filled fistulous tract. Air is also 
present in biliary radicles. 


Fig. 2.—A, Air in gallbladder 
(curved arrow) lateral to duodenal 
cap and descending duodenum (ar- 
rows). No air in biliary radicles. B, 
Contrast examination demonstrat- 
ing barium-filled gallbladder lateral 
to duodenal cap (arrow). 


Fig. 3.—A, Two adjacent air-fluid 
levels in right upper quadrant. No air 
in biliary radicles. B, Positions of 
duodenum and hepatic flexure as 
demonstrated by nasogastric tube 
and barium within colon. Collection 
of air in right upper quadrant (arrow) 
represents shrunken gallbladder. 


GALLSTONE 


Fig. 4.—A, Paired fluid and air 
collections in right upper quadrant. 
B, Contrast examination showing 
filling of gallbladder from lateral as- 
pect of first duodenal segment (ar- 
rows). 





Fig. 5.—Barium-filled triangular-shaped shrunken gallbladder 
(arrow) lateral to distended duodenal cap. No reflux into biliary 
radicles. 


Discussion 


Although a few cases of gallstone ileus secondary to 
choledochoduodenal fistulas have been described, it 
remains a doubtful and unlikely condition [3, 10]. Practi- 
cally all cases of gallstone ileus are associated with a 
cholecystoenteric fistula. Among gallbladder fistulas, 
the cholecystoduodena! fistula is by far the most com- 
mon, particularly when associated with a gallstone ob- 
struction [2, 4, 5, 7]. Occlusion of the biliary channels 
(either cystic or common duct) appears to be the trigger 
and the dominant factor in the production and mainte- 
nance of a cholecystoenteric fistula [1, 2, 14]. In cases of 
gallstone ileus it should be expected therefore that air 
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wo.ld consistently have access to the gallbladder while 
only infrequently the opportunity to enter the biliary 
rad ces. In fact, in cases of cholecystoduodenal fistula, 
air n ~he biliary radicles is observed only infrequently 
[11 ~2, 15]; it was present in only five of our 16 cases. In 
acaiticn, when we performed contrast examinations in 
sim lar cases, barium filling was clearly demonstrated in 
the catlbladder lateral to the distended duodenum, with- 
out berium reflux into the biliary tree (fig. 5). While air in 
the bi ary radicles produces a clearly visible and identi- 
fiatie radiographic appearance, the presence of air ex- 
Clusively in a shrunken gallbladder may be extremely 
diffcu t to identify. Thus diagnostic inaccuracy relates 
not © the existence of air in the gallbladder but to 
inability to correctly identify it. 

lr an effort to establish whether the exact location of 
these air collections may be used as diagnostic clues, 
the pesition of the duodenal bulb was surveyed in 110 
random patients. We found wide variations in the loca- 
tion of the duodenal cap between individuals as well as 
varæ ton due to patient position and center of the x-ray 
beam. On supine abdominal films, the duodenal bulb 
was located 1-3 cm lateral to vertebral bodies L1 and L2 
in abcut 80% of the patients. In the remaining 20%, 
var ions were noted up to 5.5 cm lateral to the spine 
anc mom the level of D11 to the L4 vertebral body in the 
verica axis. 

Ai uid levels in the duodenal bulb are seen infre- 
quent'y and are primarily associated with paralytic ileus 
Or mii. proximal intestinal obstruction. It is for this 
reaser that a dilated air and fluid-filled duodenal cap 
assoc ated with a second fluid level adjacent and lateral 
to E Decomes a significant and unusual finding. In this 
regard it is interesting to note that our four cases with 
this nding were associated with massive f uid retention 
in t= small bowel. Two of these cases had gallstones 
obstructing the midjejunum and the third had a large 
Caleulas occluding the distal ileum. 

Aittough the presence of air in the gallbladder in 
cases of gallstone ileus has been previously observed [7, 
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9], it has not been described separately from air in the 
biliary radicles or identified in an isolated situation. 
When gallstone ileus is suspected, a deliberate effort to 
recognize air not only in the biliary radicles but within 
the gallbladder will prove rewarding. It will significantly 
increase the number of cases described as having air in 
the biliary tract. We believe the correct interpretation of 
the paired adjacent air-fluid levels in the right upper 
quadrant will prove helpful in this assessment. 
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Gallstones: In Vitro Comparison of Physical, Radiographic, and 
Ultrasonic Characteristics 


BARBARA A. CARRQGLL' 


























An in vitro study of 30 gallstones was undertaken in which TABLE 1 
radiographic, ultrasonic, and physical characteristics were Results of In Vitro Study 
compared. Stones greater than 1 mm in diameter were con- ws 
sistently visualized in vitro using higher frequency trans- i Calcifica- Specific i, 
ducers, lower intensities, and simple sector scanning tech- a a en oe ratty (mm) Somone 
niques in different planes. All stones greater than 3 mm — — 
demonstrated consistent posterior acoustic shadowing, simi- Withost shadow: ) ' 
larly facilitated by use of these techniques. The demonstration : ee id 03 s 3 iA a 
of posterior acoustic shadowing does not relate to the calcium 3 j | . . ni . . > 03 ot 1.5 Smooth, 
content, shape, surface characteristics, or specific gravity of round 
the stone. Dies wie + . + 3 Irregular 
-N ~ 2 er 2 Smooth 
Greater than 90% accuracy has been reported in the ere + 0.2 (10) + 2 Smooth 
diagnosis of gallstones. Criteria used for recognition of T nanana, T EE T 5 — aen 
gallstones include demonstration of echogenic struc- Mori 7 ads =? sige 
tures within the gallbladder which demonstrate posterior 9... à E + 3 Smooth. 
acoustic shadowing in 60%-80% of cases and are capa- ovoid 
ble of changing position with change in patient position Merire * tea TT 2 Faceted, 
[1-4]. Expanded criteria for appearances of gallstones POE smooth 
include layering, small stones, and shadows without Ho. n A 0.1 =. 13 Smooth, 
demonstration of a stone [3]. The physical characteristics round 
responsible for the ultrasonic appearance of gallstones inca — 0.1 ce “2 Smooth, 
have not been well defined. This report describes the in round 
vitro evaluation of 30 gallstones of varying shapes, com- We piai hi 3 x p TE 
position, and surface characteristics to evaluate radio- + 3 + 4 Rough 
graphic and ultrasonic appearance relative to physical OD bxxsueds + 0.2 (25) + 3 Irregular 
characteristics. a EE + diia + 22 Round, 
smooth 
Materials and Methods i e E EE + es cd 19 Smooth, 
faceted 
Stones demonstrating a range of surface characteristics, ree + ca «6S Irregular 
contours, and sizes (1-22 mm maximum diameter) were se- |: er + 5 gh + 22 Round 
lected. Stones were radiographed at 40 kVp for 5 sec using - kvnenes + ig isa oe Smooth 
Kodak industrial AA film; this setting was selected to enhance ETETEN + 12 Irregular 
calcium visualization. Calculi were immersed in a normal saline- 22 oo... ee. ? 12 Round, 
filled polyethelene bag at room temperature. After immersing rough 
i : a EEE + oae ees 12 Smooth 
the bag in a water bath, the bag was scanned using three 24 š 2h ne 20 Smooth, 
transducers: a 2.25 MHz, 19 mm, 10 cm focal length transducer; faceted 
a 3.50 MHz, 19 mm, 7 cm focal length transducer; and a 5.00 E o aan + i OD 12 Irregular 
MHZ, 13 mm, 7 cm focal length transducer. All scans were done A. ee eens + os ays 24 Rough, 
in the focal plane of the transducers. Images were recorded on round 
Polaroid film. Scans were analyzed to determine if stones were -EEES + se pha- EZ Smooth, 
visualized and whether they demonstrated posterior acoustic faceted 
shadowing. The specific gravity of the stones relative to normal 28 ........ T ve -.+ 16 irregular 
saline was recorded. >. re + day Sw 28 Round, 
; rough 
Stones representing a spectrum of the variables analyzed 30 ....... - os = 3 Smooth. 
(i.e., calcification, specific gravity, surface characteristics) were round 
submitted for elemental analysis using a scanning proton micro- iste =A lfiscaes waste bien cc enon send dena. 
probe. ' Anaysis done by scanning proton microscope. Numbers in parentheses are 
percentage of calcium within individual laminations. 
Results 
The results of this in vitro study are shown in table 1. relative to normal saline and that of posterior acoustic 
No correlation was found between calcium content, shadowing. Visible radiographic calcification was pres- 
stone shape, surface characteristics, or specific gravity ent in 66% of stones, although the calcification was 
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insufficient for plain film visualization in half of these. Of 
the 17 stones smaller than 10 mm, 41% demonstrated 
radiographic calcification. A specific gravity of less than 
1.009 was demonstrated in 63% of stones; 82% of stones 
greater than 10 mm demonstrated a specific gravity of 
less than 1.009, and two of these large stones showed 
radiographic evidence of fissures. 

With the exception of a 1 mm flat stone, all stones 
were ultrasonically identified; however, 33% of stones 
scanned did not demonstrate posterior acoustic shadow- 
ing. The stones without demonstrable acoustic shadows 
were all 3 mm or less; three of 12 stones (25%) equal to 
or less than 3 mm cast posterior acoustic shadows, while 
all 18 of those greater than 3 mm did so. Half of the 
stones which did not cast posterior acoustic shadows 
demonstrated radiographic calcification. Of stones 
which failed to demonstrate posterior acoustic shadow- 
ing, 60% had specific gravities greater than 1.009. 

To further evaluate the effects of solution specific 
gravity, stones with specific gravities greater and less 
than normal saline were scanned before and after estab- 
lishment of equilibrium with the solution in a polyethe- 
lene bag. Scans demonstrated no effect on the presence 
of a posterior acoustic shadow relative to solution spe- 
cific gravity. A stone with a specific gravity less than 
normal saline was first scanned in distilled water (fig. 
1A); after addition of normal saline to the point of 
equilibrium, the stone was rescanned (fig. 1B). Similar 
findings were noted when stones with specific gravities 
greater than 1.009 were scanned before and after bring- 
ing the stone to equilibrium by the addition of sodium 
chloride to the normal saline solution. 


Discussion 


In this in vitro study, no correlation was demonstrated 
between stone shape, surface characteristics, calcium 
content, and specific gravity relative to the presence of 
posterior acoustic shadowing. Stones 3 mm or smaller 


Fig. 1.—Stone no. 22. A, In dis- 
tilled water, posterior acoustic 
shadow (arrow) is demonstrated. B, 
After addition of normal saline to 
distilled water to bring stone to equi- 
librium with solution, posterior 
acoustic shadowing (arrow) is again 
shown. Margins of gallstones which 
floated against nondependent sur- 
face of polyethelene bag frequently 
demonstrated less well defined mar- 
gins than when occupying depend- 
ent position. 





Fig. 2.—Stone no. 6 (arrow) 2 mm calculus. No 
evidence of posterior acoustic shadowing with 5 MHz 
transducer using variety of gain settings and intensi- 
ties. 


often failed to demonstrate posterior acoustic shadows 
(fig. 2). 

Demonstration of posterior acoustic shadowing was 
enhanced by the use of lower intensities, with resultant 
narrowing of the effective window width of the display 
and enhancement of the differences between shadow 
and nonshadowing. In addition, decreased intensities 
enhanced visualization of posterior acoustic shadowing 
and stones (fig. 3). Use of higher frequency transducers 
also enhanced visualization of posterior acoustic 
shadows (fig. 4). The finding of a significant number of 
large stones with low specific gravities and somewhat 
diffuse echo patterns, many of which contain gas fis- 
sures on radiographs, further supports the use of high 
frequency, low intensity ultrasound scanning of the gall- 
bladder, often a very superficial organ. 

Artifacts generated in the anterior wall of the gallblad- 
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Fig. 3.— Stone no. 12. A, At —02 dB in- 
tensity, there is poor definitiom of posterior 
acoustic shadow (black arrow). Reverbera- 
tion artifacts (white arrow) appear posterior 
to stone. B, At —18 dB intensity, without 
change in near or far gain or time-gain 
compensation settings, there is well de- 
fined, dense posterior acoustic shadow 
(black arrow). Stone floats in nondepen- 
dent portion of water bag (white arrow). 


Fig. 4.— Stone no. 15. A, Stone (arrow) 
demonstrates no posterior acoustic shadow 
using 3.5 MHz transducer. B, Using 5 MHz 
transducer, without change in near or far 
gain or time-gain compensation settings, 
posterior acoustic shadow (arrow) is dem- 
onstrated. 


der might obscure the visualization of such calculi. The 
importance of simple sector scanning to demonstrate 
calculi in the clinical setting has been stressed [1-3]. 
While the in vitro analysis of these stones was done 
using simple sector scanning so that a significant portion 
of the stone surface was normal to the transducer, 
interesting findings regarding posterior shadowing be- 
hind areas of the stone largely tangential to the beam 
were demonstrated. Figure 5 demonstrates a dense pos- 
terior acoustic shadow posterior to the position of the 
stone normal to the transducer, while the shadow cast 





behind a portion of the stone largely tancential to the 
beam s much less dense. No attempt was made to 
eva uz e an angle at which stone or shadow visualization 
was mc longer demonstrable, but these findings Suggest 
a re ation between angle of scanning and demonstration 
of semes and shadows. These findings serve to empha- 
size Th2 importance of careful sector scanring in differ- 
ent pines in an attempt to scan stones normal to the 
trarsducer beam. 

It can be speculated that posterior acoustic shadowing 
results from the significant mismatch of acoustic imped- 
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Fig. 5.—Stone no. 16, smooth round stone. Linear 
echo (white arrow) projects at angle from portion of 
stone interface normal to beam (curved arrow). 
Shadow (black arrow) related to tangential part of 
stone is less dense than shadow posterior to part of 
stone which is normal to transducer face (arrowhead). 


ance caused by the marked differences of elasticity at 
the fluid-stone interface. Although no qualitative differ- 
ences in the density of posterior acoustic shadowing 
cast by stones with different surface characteristics was 
observed, no attempt was made to quantitate this acous- 
tic phenomenon. Evaluation of gallstones using alge- 


braic reconstruction of sound attenuation as done by 
Greenleaf et al. [7] could help distinguish sound atten- 
uation due to absorption from that due to reflection, 
primarily a surface interaction related to elasticity mis- 
matches. 
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Surgical and Pathologic Correlation of Cholecystosonography and 
Cholecystography 


MICHAEL CRADE,'’ KENNETH J. W. TAYLOR,' ARTHUR T ROSENFIELD,' CASPER S. de GRAAFF,’ AND 
PATRICK MINIFAN? 


To define the accuracy of varying ultrasonic patterns in the 
diagnosis of gallstones, the records of 145 patients with 
ultrasound examination of the gallbladder prior to cholecys- 
tectomy were reviewed. Three abnormal scan categories were 
established: category 1— shadowing opacities that move with 
gravity within the gallbladder lumen; category 2—nonvisuali- 
zation of the gallbladder lumen; and category 3—nonshadow- 
ing opacities within the gallbladder lumen. The accuracy of 
these criteria for gallstone diagnosis was found to be 100%, 
96%, and 61%, respectively. Overall accuracy was 96% for 
gallbladder disease, with a 4% false negative rate. Oral 
cholecystography demonstrated an accuracy of 93% in this 
series. A preoperative ultrasound diagnosis of gallstones 
should probably be limited to category 1 and 2 appearances 
only. 


Earlier reports on the usefulness of ultrasound in the 
diagnosis of gallbladder disease [1-4] have recently been 
supported by further evaluation of its accuracy. Leopold 
et al. [5] claimed an accuracy of 91% and Bartrum et al. 
[6] reported 93%. However, these studies compared the 
ultrasound findings to oral cholecystography without 
always having definite surgical proof of the diagnosis. 
We review the accuracy of ultrasonic diagnosis of 145 
consecutive patients with surgically and pathologically 
proven gallbladder disease. 


Subjects and Methods 


The pathology records of the Yale-New Haven Hospital were 
sequentially reviewed, and 145 patients who underwent chole- 
cystectomy after ultrasonic evaluation were selected for study. 
The medical records and the results of oral cholecystography 
were reviewed for additional information. 

Ultrasonic examination was carried out using a commercially 
available Picker 80L or Searle Pho-Sonic unit at a frequency of 
2.5 or 3.5 MHz. Although some patients were seen on an 
emergency basis, preparation for an elective examination in- 
volved a fast for at least 8 hr prior to examination, thus 
physiologically distending the gallbladder. Serial sector scans 
of the right upper quadrant were carried out in the transverse, 
oblique, and longitudinal planes. The patients were examined 
in the supine, decubitus, and erect positions to optimize visual- 
ization of the gallbladder and to determine whether the intralu- 
minal opacities moved with gravity. 

We did not attempt to determine clinical accuracy; the inter- 
pretations of the ultrasound examinations were obtained from 
the officially dictated preoperative reports. On the basis of these 
descriptions, each scan was placed in one of four categories: 
(1) presence of shadowing opacities which moved with gravity 
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within a well defined gallbladder lumen; (2) nonvisualization of 
the gallbladder lumen, often with high leve echoes and 
shacowing in the area of the gallbladder fossa suggesting a 
convacted gallbladder, with or without gallstones; (3° nonsha- 
dow ng opacities within the gallbladder lumen; and (£) normal 
physiological distention of the gallbladder. These categories 
were then compared to surgical results. 


Results of Ultrasound 
Category 1 


Tne classical appearances of gallstones, as cpacities 
witFin the lumen of the gallbladder which shadow dis- 
tally and move with gravity, were seen in 92 of the 145 
patents (fig. 1). All 92 proved to have gallstones at 
surgery. One patient had an apparent intraluminal opac- 
ity hat shadowed but did not move with gravity. Al- 
though our conclusion at the time was that these scan 
fincings were related to gallstones, the patient proved to 
hav2 a perforated duodenal ulcer with inflammacion and 
fibrosis surrounding the gallbladder fossa. Since this 
case lacked documented opacity movement, it is not 
included in the category 1 series, but is described to 
illustrate the need to fulfill exactly these criteria. 


Category 2 


Ir 24 patients, the gallbladder lumen was not visual- 
izec On ultrasound despite fasting. High level echoes 
witt evidence of shadowing were sometimes found 
witFin the gallbladder fossa (fig. 2), suggesting a con- 
tracted gallbladder, with or without gallstones. In 23 of 
the 24 patients surgery revealed a diseased gal bladder 
containing stones. In this category an accuracy of 96% 
was achieved. 

Tne single false positive case had three normal oral 
chcecystograms prior to our examination. and even in 
retrospect fulfilled category 2 criteria. An essentially 
normal, acalculous gallbladder was found at su-gery. In 
add tion, one patient not included in this series (since 
the gallbladder was not removed) was found to have 
agenesis of the gallbladder, an extremely rare condition 
witt a reported incidence of 0.03% [7]. The scan made 
pricr to surgery met criteria for category 2, since the 
galldladder lumen was not visualized. 


Category 3 


A total of 18 patients had nonshadowing cpacities 
witFin the gallbladder lumen. These were varicusly re- 
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Fig. 1.—Category 1, two patients. Opacities (arrows) that shadow (s) 
are seen within lumen of gallbladder (g). L = Liver. 


eT Ab. 





Fig. 2.—Category 2, two patients. In area of gallbladder fossa there are highly reflective echoes (arrows) with distal shadowing (s). No gallbladder 
lumen demonstrated. D = diaphragm, L= liver, K = kidney. 


ported as “sludge,” “gravel,” or “‘inspissated bile” in the 
ultrasound reports (fig. 3). In 17 patients the gallbladder 
was judged to be significantly inflamed at surgery, and 
this was confirmed by pathologic examination. This 
included one patient whose gallbladder was perforated 
at the time of surgery. Another patient had neither 
gallstones nor significant cholecystitis. 

Eleven of the patients in category 3 had gallstones. In 
one, the stone was lodged within the cystic duct, a 
notably difficult area to scan accurately. Six others had 
acalculous cholecystitis. 


Category 4 


The most common appearance of the gallbladder is of 
course normal. The lumen is well visualized without 
evidence of internal echoes. Multiple tomographic scans 
must be performed with the patient in varying positions 
in search of position small opacities; when none are 


found after an adequate number of scans, the gallblad- 
der can be judged to be normal. Since normal gallblad- 
ders are only rarely confirmed by surgery, the great 
majority of normal studies will have no surgical or 
pathologic follow-up. Those that do are exceptions and 
usually result from misdiagnosis or in the course of 
incidental surgery. 

Of the 145 patients reviewed, 11 had normal scans. Six 
proved to have normal gallbladders without stone or 
inflammation, while five had diseased organs containing 
stones. The 4% false negative rate probably represents 
errors due to tomographic technique. 


Results of Oral Cholecystography 


A total of 92 patients had both oral cholecystography 
and ultrasound examinations. Although the primary goal 
of this study was not to evaluate the accuracy of oral 
cholecystography since this has been well documented 
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Fig. 3.—Category 3. Transverse scan with patient in decubitus position 
demonstrating collection of opacities (arrow) within gallbladder lumen 
(G). No evidence of shadowing. K = kidney, L = liver. 


[9-11], it is of interest that stones were positively visual- 
ized by cholecystography in only 25 of the 84 patients 
(30%) who had this study and were subsequently proven 
to have stones. Of the remaining 59 patients, 53 had 
nonvisualized or poorly seen gallbladders (63%), and six 
had false normal cholecystograms. Eight patients with- 
out gallstones had normal oral cholecystograms. 


Many patients (37%) did not have oral cholecystogra- 


phy. This underlines the well recognized limitations of 
that procedure [12, 13] for patients with severe vomiting, 
diarrhea, and jaundice, and in some patients with acute 
cholecystitis who must proceed directly to surgery on 
the results of clinical and ultrasound examinations 
alone. Many routine cases were also brought to surgery 
without cholecystography, reflecting the growing confi- 
dence in and acceptance of ultrasound as a reliable and 
economic diagnostic tool. 


Discussion 


The overall accuracy of ultrasound evaluation of gall- 
Stones has been previously reported, but without surgi- 
cal confirmation in all cases and without evaluation of 
the accuracy of the individual categories of scanning 
patterns found. Our review of 145 surgically removed 
and pathologically studied gallbladders demonstrates 
that different categories of scanning images have differ- 
ent diagnostic importance. 

Shadowing opacities which move the gravity (category 
1) were the most frequent findings in gallbladders con- 
taining stones, present in 92 of 137 abnormal cases 
(67%). Such findings are virtually pathognomic of gall- 
stones. All 92 patients with this pattern had stones at 
surgery. 

The contracted gallbladder whose lumen is not seen 
on ultrasonic examination, even after fasting, has been 
previously reported. Leopold et al. [5] noted six cases, 


all with gallstones. In our 24 patients with this finding 
(category 2), a diseased organ with gallstones was found 
at surgery in all but one case (96% correlation with true 
patholegy) and was found in 18% of the abnormal! cases. 

Tre ultrasonic pattern of nonshadowing opacities 
within the gallbladder lumen (category 3) is not specific 
for gallstones; only 61% of the 18 cases brought to 
surgery had gallstones. However, in 17 of 18 cases, the 
galltladder was inflamed at surgery. In one patient 
refusing surgery, and therefore not included in our 
repart, serial scans disclosed a progression from normal 
to nonshadowing opacities to a contracted gallbladder. 
Almest certainly this patient had stones, and the phase 
of nenshadowing opacities represented an inflamed gall- 
bladder on its way to stone formation. We therefore feel 
confident that nonshadowing opacities, though not di- 
agnestic. of gallstones, do suggest an inflamed and 
possib y symptomatic gallbladder. 

Ot the 137 patients with proven gallbladder disease, 
132 had abnormal ultrasound studies according to the 
abore criteria (specificity of 96% for gallbladder dis- 
ease). Of the 84 patients in this series with gallstones 
who underwent oral cholecystography, 93% had evi- 
denee of abnormality on ultrasound, either nonvisualiza- 
tion of the gallbladder lumen or visualization of a stone 
within the lumen. It is therefore evident that ultrasound 
is a useful and accurate imaging method that can be 
highly predictive when category 1 and 2 criteria are met. 
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Prone View Ultrasonography for Pancreatic Tail Neoplasms 


HARVEY M. GOLDSTEIN! AND CHANDRA S. KATRAGADDA': 2 


Ultrasonography was performed in the prone and supine 
positions in six patients with neoplasms in the tail of the 
pancreas. The masses were either not apparent (three cases) 
or less well visualized on the supine scans. The value and 
indications of the prone position in the ultrasonic evaluation 
of masses in this portion of the pancreas are documented. 
Prone scanning is particularly useful when malignant ascites 
interferes with pancreatic visualization in the supine position. 


Ultrasonography is commonly used in the evaluation of 
suspected neoplastic and inflammatory diseases of the 
pancreas. Numerous authors have described the scan- 
ning techniques and ultrasonographic features of pan- 
creatic diseases [1-9]. Lesions located in the tail of the 
pancreas may be particularly difficult to image with 
conventional supine scanning because of overlying gas 
in the stomach and colon. Since the distal pancreas lies 
anterior to the left kidney and terminates in the splenic 
hilum, prone scanning utilizing the left kidney and the 
spleen as acoustical windows has been suggested as an 
adjunctive method of visualizing the tail of the pancreas 
[5-9]. However, the clinical value of this technique has 
not been demonstrated. 

This communication emphasizes the efficacy of prone 
view ultrasonography for masses arising in the tail of the 
pancreas. Our clinical experience in six patients with 
neoplasms in the pancreatic tail is presented. 


Subjects and Methods 


Six patients with proven neoplasms of the tail of the pancreas 
were studied. The three males and three females ranged in age 
from 41 to 72 years. Diagnoses were proven by surgery or 
percutaneous aspiration biopsy. Histologic diagnoses were ad- 
enocarcinoma in five and benign cystadenoma in one. The 
indications for ultrasonography in our patients were unex- 
plained abdominal pain, an unknown primary tumor, and/or a 
Clinically palpable mass in the abdomen. 

Examinations were performed using commercially available 
gray scale equipment. Both 2.25 MHz and 3.5 MHz transducers 
were employed depending upon patient size. The images were 
recorded with a 70 mm camera. 

Scanning was initially performed in the supine position in 
both transverse and sagittal planes at 0.5-1 cm intervals. In 
addition, scans in the subcostal oblique plane and transverse 
scans with caudad angulation of the transducer were also 
frequently obtained. Prone view scanning was performed at 1 
cm intervals in both transverse and sagittal planes. Sagittal 
views were performed along the cephalocaudad axis of the left 
kidney. 
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Ultrasonographic Features 


Tumor dimensions and comparison of visualization 
between the prone and supine positions are presented in 
tab 1. Masses ranged in size (posteroanterior diameter 
x cepnalocaudad diameter) from 3.5 x 6 cm tc 9 x 12 
cm fig. 1). All masses had a solid echo architecture and 
varied in shape from ovoid to round. Three of the masses 
were seen only on prone views (figs 2-4). The masses 
were demonstrated in both transverse and sagittal 
plames, but in four of the six patients the sacittal sections 
wer=more useful. 

D=pending upon the patient's anatomy and tne loca- 
tior of the mass in the pancreas, lesions were seen 
anterior to the kidney in four, anterior to both the kidney 
and spleen in one (fig. 3), and anterior to only the spleen 
in one (fig. 4). The position of those masses anterior to 


TABLE 1 
Tumor Visualization on Supine and Prone Scars 


Supine Prone 
Turor 

Siza” Transverse Sagittal Transverse Sagittal 
cah i EEEO Fair Fair Fair Good 
3 Br ck ome None None Good Good 
CRE a sae None None Fair Good 
E EEEN None None Good Fair 
Bo EL: See Fair None Fair Good 
sA EEE Fair Fair Fair Good 


* *osteroanterior diameter x cephalocaudad diameter in centimeters 


the kidney varied from the upper portion to the lower 
hal of the kidney (fig. 5). In all but one instance there 
was a distinct demarcation between the anterior margin 
of tne kidney and the mass. In the single exception, there 
was indentation of the anterior aspect of the kicney (fig. 
2). 


Discussion 


lm the prone position, the distal pancreas may be 
viswal zed in the majority of patients anterior to the upper 
pol2 ef the left kidney [8]. Usually the normal tail of the 
pancreas is ovoid or elliptical and demonstrates the 
Same echogenicity as when visualized in the supine 
position. Haber et al. [9] stated that the normal size of 
the pancreatic tail is usually 2.4 + 0.4 cm in anteropos- 
terior dimension. This has been true in our experience 
as ve |. The largest normal pancreatic tail n our experi- 


' Department of Diagnostic Radiology, University of Texas System Cancer Certer, M. D. Anderson Hospital and Tumor Institute Houston, Texas 


77030. Address reprint requests to H. M. Goldstein. 


? Present address: Department of Diagnostic Radiology, University of Texas Meical School at Houston, Houston, Texas 77030. 


Am J Roentgenol 131:231-234, August 1978 
© 1978 American Roentgen Ray Society 


0361-803X/78/08-023-> $00.00 


232 GOLDSTEIN AND KATRAGADDA 





Fig. 1.—60-year-old male physician with palpable mass in upper abdomen. A, Prone Sagittal ultrasonogram 9 cm left of midline showing large solid 
mass (M) in distal pancreas, anterior to left kidney (K). B, Angiogram demonstrating hypervascular mass which proved to be benign cystadenoma of 
pancreas. 


al 






Fig. 2.—66-year-old female with adenocarcinoma of pancreatic tail. A, 
Supine transverse ultrasonogram 11 cm above umbilicus showing obli- 
teration of anatomy in left side of abdomen because of gastrointestinal 
gas. B, Prone transverse scan 9 cm above iliac crest demonstrating 
mass (M). Note indentation of anterior aspect of kidney. C, Prone sagittal 
scan 7 cm left of midline showing solid mass (M) anterior to upper half of 
kidney. 
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Fig. 3.— 62-year-old male with pancreatic carcinoma. A, Supine saggital ultrasonogram through left upper abdomen 5 cm left of midline. No mass is 
demonstrated. Diffuse hepatic metastases are present. B, Prone sagittal scan 4 cm left of midline showing solid mass (M) in tail of pancreas seen 


through both spleen (S) and left kidney (K). 





Fig. 4.—42-year-old male with abdominal pain due to carcinoma of the pancreatic tal. A, Supine transverse scan of upper abdomen inconclusive for 
tumor. B, Prone transverse ultrasonogram demonstrating round solid mass (M) in very distal pancreas imaged through spleen (S). 


ence measured 2.5 cm in posteroanterior diameter (fig. 
6). In addition to enlarging the tail, masses have a 
rounded configuration. 

Other normal and pathologic structures also may be 
visualized in the prone view and may be confused with a 
mass arising in the tail of the pancreas. The inferior tip 
of the spleen often overlies the upper pole of the left 
kidney. In this projection, it usually appears more sono- 
lucent than the norma! pancreatic tail and is located 
more cephalad to the kidney. Left adrenal masses can 
occur anterior to the left kidney and may appear virtually 
identical to pancreatic masses. Enlarged peripancreatic 
nodes and a fecal-filled splenic flexure [10] also may 


occur in this location and be indistinguisnable from a 
primary pancreatic neoplasm. 

Prone scanning is standard procedure in the ultrason- 
ograpnic evaluation of renal disease, but apparently it is 
not as widely practiced in evaluation of tre pancreas. 
Even f a mass is demonstrated in the heed or body of 
the pancreas, prone scans will aid in evaluatinc the full 
extent of the neoplasm or the associated inflammatory 
change in the pancreatic tail. In addition, tha prone 
positicn may also be useful in detecting pancreatic 
enlargement associated with pancreatitis both with and 
without pseduocyst formation. At our institution, prone 
views are utilized commonly in search of an unknown 
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primary tumor. It has been of particular value when 
malignant ascites interferes with pancreatic visualization 
in the supine position. Prone scanning is recommended 
in all patients with suspected inflammatory or neoplastic 
pancreatic disease. 
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Ultrasonography of Primary Cysts of the Liver 


RICHARD M. SPIEGEL,’ DONALD L. KING, AND WILLIAM M. GREEN 


Primary liver cysts may cause diagnostic uncertainty when 
evaluated by conventional means. Ten cases of simple or 
multiple cysts unassociated with polycystic renal disease 
were studied. Ultrasonography was demonstrated to be the 
most accurate technique for visualizing these lesions and 
establishing their cystic nature. 


Primary cysts of the liver arise from liver cells probably 
as a result of embryologic maldevelopment. These are 
uncommon lesions when not associated with polycystic 
renal disease and frequently cause diagnostic uncer- 
tainty when evaluated by conventional means. We stud- 
ied the accuracy of ultrasonography as a diagnostic test 
for cysts of the liver unassociated with polycystic renal 
disease. 


Materials and Methods 


The case records of the Division of Ultrasound for the preced- 
ing 5 years were reviewed to locate cases with a diagnosis of 
hepatic cysts. Patients with manifest polycystic renal disease 
and hepatic cysts did not present diagnostic problems and were 
not included in this series. Ultrasound examinations were per- 
formed on several different commercially available contact 
scanners using a 2.25 MHz nonfocused transducer. Serial 
longitudinal and transverse cross sections were taken at 1 cm 
intervals. High sensitivity settings which consistently recorded 
echoes from the relatively homogeneous tissue of the normal 
liver were utilized. A-mode evaluation of the lesions was occa- 
sionally employed, in addition to imaging, to confirm the echo- 
free nature of the mass. 

The diagnosis of a true cyst (fig. 1) was based on established 
ultrasonographic criteria [1]. A simple cyst: (1) must be ane- 
choic indicating an absence of internal structure; (2) must have 
sharp smooth borders and strong posterior wall echoes indica- 
tive of a well defined fluid/tissue interface; (3) should be 
spherical or oval shape; and (4) must show relative accentuation 
of echoes beyond the cyst compared to echoes at a similar 
depth transmitted through normal adjacent tissue. The results 
of ultrasonography were correlated with the results of radionu- 
clide imaging, angiography, and surgical/pathologic documen- 
tation or long-term clinical follow-up. 


Results 


Ten cases were located in which an ultrasonographic 
diagnosis was made of single or multiple hepatic cysts 
unassociated with polycystic renal disease. The eight 
females and two males ranged in age from 4.5 to 73 
years. In each case the patient had a palpable abdominal 
mass thought to represent either hepatomegaly or a 
separate discrete mass. Five patients experienced symp- 
toms of upper abdominal pain or fullness. In two in- 





Received May 23, 1977; accepted after revision February 3, 1978. 


stances liver function tests were abnormal, although 
neitner had an elevated bilirubin (fig. 2). 

Five patients had solitary cysts and five had multiple 
cyst. Eight of the ten patients underwent surgical pro- 
cedures for confirmation of the diagnosis and/or relief 
of symptoms. In all eight instances the diagnosis of 
hepatic cyst was pathologically documented. In two 
other instances, 5 year clinical follow-up without signifi- 
can: interval change has been accepted as clinical doc- 
umentation of the diagnosis of hepatic cyst (fig. 2). There 
were mo false positive diagnoses of single or multiple 
hepatic cysts. 

OF the nine patients who underwent radionuclide im- 
aging examination, seven showed a defect, for a detec- 
tion accuracy of 77%. However, the radionuclide scan 
did not indicate the specific nature of the abnormality 
and thus a diagnosis was not reached in all cases. Of the 
four hepatic angiograms performed, three cemonstrated 
an avascular mass, resulting in diagnosis of a hepatic 
cyst. 


Discussion 


Tae predictive value of a test is defined as the true 
postive cases divided by the sum of true positive and 
fals2 positive cases. In this series the predictive value of 
an ultrasonogram positive for hepatic cysts was 100%. 
The accuracy of alternative radionuclide and angio- 
graphic imaging modalities was clearly less. Fadionu- 





Fg. `.— Longitudinal cross section of the liver demonstrating charac- 
terisic simple cyst. C = cyst, L = liver, K = kidney. 
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clide imaging is not only less sensitive for detecting a 
cystic abnormality but is also less specific as to charac- 
teristics of the abnormality. While angiography was only 
performed in four cases, it was less accurate than ultra- 
sonography since in one case the cystic lesion was not 
demonstrated as an avascular mass. 

Radionuclide imaging of the liver may yield excellent 
definition of larger focal intrahepatic cysts. Unfortu- 
nately hepatic cysts are often peripheral and may not be 
detected by radionuclide scans [2, 3]. The most common 
single location reported for these cysts is the lower edge 
of the right lobe of the liver [4, 5], which occurred in two 
of the 10 cases in this series (fig. 4). A cyst in this 
location may be on a short pedicle with normal liver 
above, resulting in normal appearance on the radionu- 
clide study. Lesions completely replacing the left lobe of 
the liver may also be difficult to evaluate by radionuclide 
imaging. In one case the radionuclide scan was inter- 
preted as showing “congenital absence of the left lobe.” 
The ultrasonogram clearly demonstrated the presence of 
a large cyst replacing the left lobe. 


Fig. 2.—4'/2-year-old girl with surgically proven solitary simple cyst of 
liver causing elevation of SGOT, GGTP, and alkaline phosphatase. 
Bilirubin was normal. A and B, Transverse and longitudinal cross sections 
of cyst. C, Postoperative transverse cross section following internal 





drainage of cyst showing its complete collapse with some residual 
echoes in region of porta hepatis. C = cyst, L = liver, X = xyphoid, U = 


umbilicus. 


Radionuclide colloid imaging shows only defects in 
distribution and is therefore nonspecific. Blood pool 
agents may be used to indicate the vascularity of a mass, 
but in most instances arteriography is required to identify 
a truly avascular lesion. Since there is very rarely any 
communication of primary cysts with the biliary tree due 
to the genesis of the cysts, they are not demonstrated by 
131] rose bengal excretion studies or routine biliary opac- 
ification studies. 

Arteriography can definitely limit the differential con- 
siderations [3] presented by a positive radionuclide scan. 
However, some hypovascular metastatic tumors and hep- 
atomas may be extremely difficult to exclude with cer- 
tainty. In addition, as with the radionuclide scan, the 
hepatic mass may not be well seen either because of 
relatively small size, lack of displacement of surrounding 
vessels, or because selective injection of hepatic artery 
branches is not technically possible. In some instances, 
vessel displacement may not be appreciated on a single 
angiographic projection because of cyst location. While 
arteriography may be invaluable for exclusion of other 
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Fig. 3.—Longitudinal cross section of simple cyst of liver in posterior 
right lobe followed clinically and by ultrasound for over 5 years. There 
has been gradual enlargement of cyst. Right kidney is caudad to cyst. 
C = cyst, L = liver, K = kidney. 
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Fig. 4.—Bistable longitudinal cross section 8 cm to right of midline 
showing simple cyst of liver pedunculated from lower margin of right 
lobe. Radionuclide study was normal. Cysts in this location may be 
mobile and separate from liver in upright or lateral decubitus position. C 
= cyst, L = liver, K = kidney. 


mass lesions within the liver or clarification of equivocal 
cases, its cost and risk preclude use for initial evaluation 
of hepatic masses or for evaluation of otherwise unequiv- 
ocal cases. 

Our study indicates that ultrasonography is the most 
accurate modality for diagnosing primary cysts of the 
liver. Previously, McCarthy et al. [6] showed the useful- 
ness of ultrasound in the diagnosis of three solitary cysts 
of the liver. More recently these findings have been 
reemphasized by Thijs and Snel [7] and by Sanner and 
Saltzman [8] in a case report. Ultrasonography can 
accurately locate primary cysts within the liver as well as 
determine their internal morphologic nature as cystic 
lesions. In addition, the resolving capabilities of ultra- 





F3. 5.—Transverse cross section through liver demonstrating large 
intreqepatic hematoma sonographically indistinguisheble from simple 
cyst Differentiation was easily made on clinical grounds. H = hematoma, 
L = iver. 


sorography are greater than those of radionuclide scans 
anc would therefore permit detection of smaller lesions. 
This sensitivity, we believe, would also extend to com- 
parson with angiography. 

For cysts pedunculated from the inferior margin of the 
rigFt lobe of the liver, the ultrasonogram will probably 
be unable to indicate the precise organ of origin. Mes- 
enteric cysts, pseudocysts, or renal cysts might produce 
a smilar appearance. Occasionally a choledochal cyst 
micht be confusing; however, the clinical presentation 
anc radionuclide study should allow accurate differentia- 
tior. 

Cystic lesions of the liver other than primary simple 
cyss may prove confusing in the differential diagnosis 
when they mimic the appearance of primary cysts. An 
intrahepatic hematoma (fig. 5) may mimic a simple cyst, 
as may an echinococcal cyst or an abscess. Intrahepatic 
hematomas have been found to be spherical, simulating 
a simple cyst, while subcapsular hematomas usually may 
be ecognized by an ellipsoid configuration. Echinococ- 
cal cysts usually show evidence of structure within the 
cys representing debris or daughter cysts 9]. However, 
some echinococcal cysts are completely echo free and 
simulate a simple cyst. Abscesses may usually be differ- 
entated by their sonographic appearance of thicker, 
move irregular margins. Not infrequently they will con- 
tair debris which produces internal echoes. Abscesses 
anc hematomas of course may usually be differentiated 
from primary cysts on clinical grounds. 

F=cause of the sensitivity and relative specificity of 
ultrasonography, it should be considered the imaging 
modality of choice for the diagnosis of hepatic cysts. 
Racionuclide imaging remains extremely useful as a 
screening technique but is unable to provide a specific 
diagnosis for mass lesions detected in or adjacent to the 
liver. Angiography should be used only for confirmatory 
purposes when findings from other studies are equivo- 
cal. 
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Fine Needle Aspiration Biopsy in the Diagnosis of Mediastinal Lesions 


ALEXANDER ROSENBERGER' AND OLGA ADLER! 


In the presence of a mediastinal mass, fine needle aspira- 
tion biopsy is an alternative to other time-consuming and 
expensive diagnostic procedures. We have performed a total 
of 25 fine needle aspiration biopsies of mediastinal lesions in 
18 patients. Although our material is too limited to reach 
definite conclusions as to risks, we have found the technique 
enables a high percentage of positive diagnoses and is well 
tolerated by the patient. 


We describe the technique and results of 25 fine needle 
aspiration biopsies of mediastinal lesions. This exami- 
nation is well tolerated by the patient and provides 
cytologic diagnosis in a relatively easy and rapid way. 
Fine needle aspiration biopsy of the lung has been found 
a valuable method of assessing cytologic diagnosis in 
peripheral lung lesions [1-4]. We have applied the same 
technique in the diagnosis of mediastinal masses. 


Materials and Methods 


A total of 25 fine needle aspiration biopsies of mediastinal 
masses were performed in 18 patients (table 1). The location 
and depth of the lesions were determined on posteroanterior 
and lateral chest radiographs. In many cases tomography was 
also employed to detect calcification. 

The most suitable puncture site was identified under single 
phase television-monitored fluoroscopy, and was always the 
Shortest distance from the skin to the lesion. After the skin was 
Sterilized a 22 gauge needle was introduced vertically into the 
lesion near the upper edge of the ribs, while the patient 
maintained shallow breathing. Often an increased tissue resist- 
ance could be felt when the needle tip was in the desired 
position. Following needle placement, a 10-20 ml syringe was 
connected to the needle, and several suction movements were 
performed with the plunger and slight rotation of the needle tip. 
After removal of the needle. the aspirate was blown onto clean 
dry glass plates and immediately fixed in 96% alcohol. Unsuc- 
cessful procedures were repeated. 


Illustrative Case Reports 
Case 5 


A 62-year-old male had undergone laryngectomy for carci- 
noma of the larynx 6 years earlier when a permanent tracheos- 
tomy cannula was placed. For several months he had com- 
plained of shortness of breath. Physical examination revealed 
signs compatible with superior vena cava syndrome. Laboratory 
examination including cytology of the sputum were negative. A 
chest radiograph (fig. 1) showed widening of the right anterior 
superior mediastinum with slightly polycyclic borders. The mass 
was not pulsatile under fluoroscopic examination. 

Mediastinoscopy was thought to pose a risk, and the patient 
was referred to the radiology department for fine needle aspira- 
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tion biopsy. The cytologic diagnosis from the second needle 
biopsy was oat cell carcinoma metastasizing into the medias- 
tinal modes. As a result of this diagnosis, therapy was instituted 
without additional examinations. 


Case 6 


In tats 28-year-old otherwise healthy male patient, a routine 
emp cyment chest radiograph detected a polycyciic mass in the 
upper anterior mediastinum protruding into the right upper lung 
field (fig. 2). The mass showed no pulsations. Physical exami- 
nation was negative as was examination of the sputum and 
bror@aoscopy. Fine needle aspiration biopsy yielded reticulum 
cells Pedal lymphography was negative. During hospitalization , 
a buge developed above the sternum from which biapsy was 
done; tne diagnosis was reticulum cell type lymphoma. The 
patient was referred to the oncologic department for treatment. 


Case & 


Ths 55-year-old male patient complained of back pain for 
some months; the pain became more severe in the 2 weeks 
before study. Radiographs of the chest and thoracic spine 
showed a round mass in the left posterior mediastinum at the 
heigat of T8 (figs. 3A and 3B). The mass was well de ineated, 





Fig. 1.—Case 5. Posteroanterior chest radiograph showing 
widened right superior mediastinum. 
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TABLE 1 
Summary of Cases 








— ras koi Clinical Findings Radiologic Findings Cytologic Diagnosis oy 
Remarks 
1 2 40,F Pain Widened left anterosuperior Metastasis, squamous cell 
mediastinum carcinoma 
2 wre F Mastectomy Widened left anterosuperior Metastasis, anaplastic car- 
mediastinum cinoma 
e cao Dyspnea, superior vena cava syn- Widened right posterosuper- Metastasis, anaplastic car- Pneumo- 
drome ior mediastinum cinoma thorax 
& case Cough, pain Lobulated right anterosuper- Thymoma Surgery 
ior tumor 
O 46 62,M Larynx carcinoma, dyspnea, supe- Widened right anterosuperior Metastasis oat cell carci- 
rior vena cava syndrome mediastinum noma 
6 ...28,M à Polycyclic right anterosuper- Lymphoma 
ior tumor 
E A Dyspnea; superior vena cava syn- Widened right anterosuperior Metastasis oat cell carci- 
drome mediastinum, pleural effu- noma 
sion 
G ...05,M Back pain Round left posterosuperior Myeloma 
mass, destruction body T8 
Q aTM j Bilateral anterosuperior widen- Lymphoma 
ing of mediastinum 
10 ...28,M Cough Round right anterosuperior Benign teratoma Surgery 
tumor 
TW os Ben Cough Polycyclic right anterosuper- Metastasis squamous cell 
ior mass carcinoma 
12 ...18,M Fever Bilaterally widened anterosu- Insufficient material Surgery, 
perior mediastinum Hodgkin's 
13 1c. Fever Bilaterally widened anterosu- Insufficient material Surgery, 
perior mediastinum Hodgkin's 
14 ....52,M Superior vena cava syndrome Widened right anterosuperior Squamous cell carcinoma vas 
mediastinum 
15 ...69,M Cough, pain Huge mass right anterosuper- Squamous cell carcinoma 
ior mediastinum 
16 ...70,M Weight loss, cough Huge mass left anterosuper- Squamous cell carcinoma 
ior mediastinum 
VW saal M i Bilaterally widened anterosu- Insufficient material Surgery, 
perior mediastinum; right Hodgkin's 
pleural fluid 
18 ...60,M Superior vena cava syndrome Widened right anterosuperior Oat cell carcinoma 


mediastinum 





* No signs or symptoms; incidental finding. 


adjacent to the spine, and displaced the posterior paravertebral 
line laterally (fig. 3C). In the chest radiograph it protruded 
beyond the left hilum (fig. 3A). The intervertebral foramina of 
the dorsal vertebrae were normal in size, but the structure of 
the T8 vertebral body was osteoporotic; on tomography a moth- 
eaten type osteolytic lesion could be observed within it. Labo- 
ratory examinations were negative. Cytologic examination by 
fine needle aspiration biopsy showed cells characteristic of 
myeloma. A thorough examination for other sites of involvement 
was unrewarding, and bone marrow was normal. After treat- 
ment, the mass disappeared and the patient is now in remis- 
sion. 


Discussion 


The diagnosis of mediastinal lesions may be based on 
radiologic examinations, bronchoscopy, mediastinos- 
copy, and sometimes thoracotomy. While most radio- 
logic examinations are unable to provide histologic or 
cytologic diagnosis, bronchoscopy has a limited value in 
mediastinal lesions. Mediastinoscopy allows direct vi- 
sualization and biopsy of the upper mediastinum and 
allows histologic diagnosis. However, the posterior me- 


diastinum is inaccessible by this method. These proce- 
dures all require anesthesia. Nordenstrom introduced a 
paraxyphoid [5] and transjugular [6] approach to the 
anterior mediastinum and a paravertebral approach [7] 
to the posterior mediastinum; his method requires a 
cannula, guide wire, and catheter and enables biopsy, 
catheterization, and contrast examination of mediastinal 
structures. These methods have not gained widespread 
acceptance. In 1972 Klatte and Yune [8] reported two 
cases of pericardial cysts situated in the right anterior 
cardiophrenic angle which were punctured with a 20 
gauge needle by an anterior approach through the fifth 
and seventh intercostal spaces, and in 1970 Dahlgren 
and Ovenfors [9] reported biopsy of the posterior me- 
diastinum to diagnose neurogenous tumors. 

Our method is essentially the application of fine needle 
aspiration biopsy technique to the mediastinum. We 
have limited ourselves to masses situated in the anterior- 
superior or posterior mediastinum, and we have avoided 
puncturing lesions situated in the middle mediastinum 
which contain the large arteries and veins. 
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Fig. 2.— Case 6. A, Posteroanterior chest radiograph showing small bulge protruding from right superior mediastinum. B, 
Right lateral chest radiograph showing poorly defined mass density in anterosuperior mediastinum (arrows). 


Fig. 3.—Case 8. Posteroanterior chest radiograph showing well delineated mas: protruding beyond left hilar region. B, Lateral view showing mass 
situated posteriorly. C, Anteroposterior tomograph of thoracic spine at T8 level. Posterior left paravertebral line is pushed away from spine by mass. 


Before biopsy, we make every effort to exclude the 
presence of a vascular lesion like an aortic aneurysm 
which could appear as a mediastinal mass. In the supe- 
rior vena cava syndrome a rich collateral circulation may 
be present and an incidental puncture of such a vessel 








cou occur. In our cases of superior vena cava obstruc- 
tion we believed fine needle aspiration biopsy of the 
med astinum to be the most convenient and least trau- 
matiz procedure for the patient. There were no compli- 
cations. In patients who underwent thoracotomy, no 
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hematoma or other traces of the puncture were detected 
by the surgeon following the procedure (H. Pelleg, per- 
sonal communication). 

In our case material the only complication encoun- 
tered was a small pneumothorax (case 3). In this patient 
three attempts were made to obtain sufficient aspirate 
for examination. In most of our patients one (and rarely 
two) punctures yielded enough material for cytology. 

In patients for whom fine needle aspiration biopsy 
failed to yield representative cell material (cases 12, 13, 
17), the definitive diagnosis at surgery was Hodgkin's 
disease, scleronodular type. In each case a stonelike 
resistance was felt as the needle was advanced. A similar 
experience has been described in percutaneous trans- 
abdominal fine needle aspiration biopsies of lymph 
nodes in Hodgkin's disease, especially of the nodular- 
sclerosing type [10]. 
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Ventilation-Perfusion Scans in Neonatal Regional Pulmonary 
Emphysema Complicating Ventilatory Assistance 


JOHN C. LEONIDAS,' FERGUS M. B. MOYLAN,? PAUL C. KAHN,' AND MAX L. RAMENOFSKY? 


Two cases of ventilator-related neonatal lobar overexpan- 
sion with similar radiographic appearance, but probably differ- 
ent pathogenesis, are presented. In one infant, persistent 
interstitial lobar emphysema was confirmed by markedly de- 
creased perfusion shown on scintigraphy; this information 
was of great value in predicting the beneficial effect of lobec- 
tomy. In the other case, ventilation and perfusion scans 
indicated functional value of the emphysematous lobe and 
correctly suggested conservative management. Radioisotope 
lung scans may provide valuable information regarding lung 
function in regional pulmonary emphysema associated with 
assisted ventilation in neonatal respiratory distress syn- 
drome, and thus determine patient management. 


Introduction 


Intensive ventilatory treatment of premature infants 
with respiratory failure, usually hyaline membrane dis- 
ease, occasionally has been complicated by persistent 
interstitial emphysema involving one lobe or the entire 
lung [1-4]. The accepted mechanism for this complica- 
tion is alveolar rupture followed by interstitial dissection 
and entrapment of air in the pulmonary interstitium [5, 
6]. The overexpanded lobe has been assumed to be 
without functional value, and to compromise respiratory 
function by compression of the remaining lung tissue. 

In many instances the overinflated lobe has been 
resected [1, 2]. More recently the emphysematous lobe 
or lung has been bypassed effectively by unilateral ven- 
tilation of the contralateral lung after selective bronchial 
intubation [7]. This method, if successful, is a desirable 
alternative to lobectomy. In either case, evaluation of 
regional lung function may be a helpful screening pro- 
cedure. Decreased ventilation and/or perfusion of the 
affected lobe with relative preservation of function else- 
where suggest a successful outcome, at least on theoret- 
ical grounds. 

Radiographic diagnosis of persistent pulmonary inter- 
stitial emphysema is usually not difficult in the early 
stages of hyaline membrane disease, but as chronic lung 
changes appear, we have felt less confident in making 
the radiographic distinction between pulmonary intersti- 
tial emphysema and bronchopulmonary dysplasia [8]. In 
many instances, bronchopulmonary dysplasia may in- 
volve the lungs asymmetrically [9]. To complicate mat- 
ters further, a recent report indicates its higher incidence 
among infants who had developed pulmonary interstitial 
emphysema earlier, and a possible etiologic association 
between the two entities [10]. 
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The two cases presented here emphasize the difficul- 
ties encountered in the determination of the cause of an 
overinflated lobe in the newborn treated for respiratory 
distress syndrome and the uncertainties regarding 
proper management. In both instances, radioisotope 
lung scanning offered substantial information aiding 
therapeutic decision. 


Case Reports 
Case 1 


An 8-hr-old male infant was admitted because of prematurity 
and respiratory distress. He was the first of twins. born to a 39- 
year-old, gravida 6, para 6 mother after a 30 week cestation 
complicated by bleeding in the third trimester. The inant was 
delivered vaginally, and Apgar scores were 8 at both 1 and 5 
min. He was noted to be pale at birth and scon thereafter 
developed tachypnea, retractions, grunting, and radiographic 
findings consistent with hyaline membrane disease. Om admis- 
sion the infant weighed 1,370 g. Respiratory distress was 
moderate. PaO, was 96 mm Hg; paCO,, 32 mm Hag; and pH 7.32 
on FiO, of 0.35. Hematocrit was 39: bilirubin, 4.7 mg/dl; and 
total protein 3.7 gm/dl. He was thought to have respiratory 
distress syndrome, anemia, and hypovolemia secondary to twin- 
to-twin transfusion. 

The infant was given a blood transfusion and placed on 
continuous positive airway pressure (CPAP), initially through a 
nasopharyngeal and subsequently through an endotracheal 
tube. For the next 2 days, FiO, was maintained at 0.6-9.8 with 
CPAP of 4-5 cm H:O. Pulmonary interstitial emphysema was 
noted on chest films on day 3. Progressive resp ratory failure 
and CO, retention necessitated mechanical ventilation A right 
tension pneumothorax which developed on day 6 was success- 
fully treated by tube drainage, but overdistention of tne right 
upper labe followed reexpansion of the right lung. 

Attempts to wean the infant from the respirator were unsuc- 
cessful, and chest radiography continued to show enlargement 
of the right upper lobe, with shift of the mediastinum to the left 
and a coarse bubbly structure of the expanded lung consistent 
with lobar interstitial emphysema [3-5] or stage II! bronchopul- 
monary dysplasia [8-10] (fig. 1A). On day 22, extreme right 
upper lobe distention was associated with periods of apnea, 
cyanosis, bradycardia, hypoxia, and CO, retention (fig. 1B). 

Conservative measures aimed at decreasing regional intersti- 
tial emphysema included bronchial lavage and toilet, alcng with 
intermittent administration of FiO, of 1.0 [3], prolongatian of the 
expiratory phase of assisted ventilation, and lowering respirator 
pressures in favor of increasing respiratory rates; however, 
there was no improvement. Perfusion lung scan was performed 
after intravenous administration of 2 mCi of 9™Tc-labeled mi- 
crospheres. Dynamic and static images with a gamma camera 
revealed marked hypoperfusion of the right upper lobe corre- 
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Fig. 1.—Case 1. A, Film on day 12 showing residual pulmonary interstitial emphysema localized in right upper lobe. B, Film on day 22 showing 
marked overexpansion of right upper lobe causing herniation across anterior mediastinum (arrows). C, Perfusion lung scan showing decreased blood 


flow to right upper lobe. 


sponding to the area of radiographic overexpansion. Perfusion 
appeared normal elsewhere in the lungs (fig. 1C). 

An attempt was made to selectively intubate the left mainstem 
bronchus and ventilate the left lung bypassing the right accord- 
ing to the technique recently reported [7], but it was unsuccess- 
ful because the tube repeatedly slipped back into the trachea. 
Emergency thoracotomy revealed marked hyperinflation of the 
right upper lobe with many subpleural blebs of various sizes on 
its surface. Within hours of a right upper lobectomy, the patient 
showed marked improvement in respiratory function and was 
extubated 7 days later. He made an uneventful recovery, without 
evidence of chronic respiratory disease or obvious neurologic 
sequelae. 

The resected specimen revealed multiple air-filled cysts 
within the interlobular septa causing atelectasis of the interven- 
ing lung. The bronchus was anatomically patent. On micro- 
scopic examination, interstitial air-filled spaces were mostly 
lined with flat endothelium. There were many multinucleated 
giant cells along the wall, a common feature of pulmonary 
interstitial emphysema [4]. There was minimal interstitial fibro- 
sis and hemorrhage. The findings were consistent with chronic 
interstitial pulmonary emphysema, with foreign body giant cell 
reaction and distention of pulmonary lymphatics with air. 
Changes consistent with bronchopulmonary dysplasia were 
minimal. 


Case 2 


A 5-hr-old male infant was admitted because of respiratory 
distress. He was born after 33 weeks of gestation complicated 
by maternal appendicitis 2 days before onset of labor. The 
mother had an appendectomy under general anesthesia and 
was placed on ampicillin after surgery. Spontaneous labor 
started 11 hours before delivery. The infant weighed 2,500 g at 
birth, and Apgar scores were 5 and 8 at 1 and 5 min, respec- 
tively. 

Poor color and respiratory distress, noted on his arrival to the 
nursery, necessitated FiO, of 0.4. Because of progressive respi- 
ratory failure, he was intubated at age 6 hr and ventilated with 
respirator (peak pressure, 44 cm H,O; positive end-expiratory 
pressure (PEEP), 8 cm H:O; and FiO», 1.0). At this time PaO, 
was 109 mm Hg; paCO,, 40 mm Hg; and pH 7.32. Chest 
radiography revealed the typical changes of hyaline membrane 
disease. At about 24 hr, FiO, was lowered to 0.75 and PEEP to 6 
mm H,O. A left tension pneumothorax developed 3 hr later, and 
a left chest tube was inserted for drainage. 

During the next 3 days, FiO, was lowered to 0.65 and the 


respirator settings to 33 mm H,O peak inspiratory pressure and 
6 mm H,O PEEP. A recurrent left pneumothorax was again 
treated successfully. On day 5, bounding peripheral pulses, 
increased heart rate, and a systolic precordial murmer indicated 
left-to-right shunt through a patent ductus arteriosus, but there 
was no evidence of congestive heart failure. Subsequent at- 
tempts to wean the patient from the respirator resulted in CO, 
retention, and he was maintained for the next 8 days on FiO, of 
0.4 and PEEP of 2 cm H,O. During this period, chest films 
showed progressive enlargement of the right middle lung, 
probably the middle lobe, which caused compression of the 
right upper and lower lobes, herniation across the anterior 
mediastinum, and shift of the heart and mediastinum to the left 
(fig. 2A). Changes consistent with stage III] bronchopulmonary 
dysplasia were also apparent throughout both lung fields. 

During the next 10 days, the patient continued to retain CO, 
despite good oxygenation and increased ventilatory pressures. 
The patient was treated during this period with digitalis, furo- 
semide, and indomethacin (0.1 mg/kg body weight) with sub- 
sequent clinical evidence of closure of the patent ductus arter- 
iosus. Persistent severe emphysema of the right middle lung 
field was thought to be significant, acting as a dead space and 
interfering with the function of the rest of the lung by compres- 
sion. Selective bronchial intubation of the left main stem bron- 
chus or possibly a right middle lobe lobectomy were consid- 
ered. 

Perfusion lung scanning after intravenous administration of 
29m T¢-labeled microspheres was performed to assess lung func- 
tion (fig. 2B). The distribution of radioactivity indicated normal 
perfusion of the overexpanded lobe. Perfusion deficits were 
detected in the middle and lower portions of the left lung, 
consistent with displacement of the heart and compression 
atelectasis. Ventilation scan after '**Xe inhalation during quiet 
breathing showed no obstruction to air flow during inspiration 
or significant retention on washout. Decreased ventilation on 
the left matched the perfusion abnormalities described (fig. 2C). 
The findings suggested that despite the apparent presence of 
severe bronchopulmonary dysplasia, there was no gross venti- 
lation-perfusion mismatching or air trapping. The overexpanded 
portion of the right lung, in particular, appeared to be func- 
tional, and there was no good indication for its resection. 

During the next several months the patient remained stable 
under conservative management; his course was marked by 
prolonged dependence on ventilatory assistance and increased 
FiO,. He was finally extubated at the age of 8 months and 
weaned to room air. He continues to have radiologic evidence 


VENTILATION-PERFUSION SCANS IN NEONATAL EMPHYSEMA 245 








C 


Fig. 2.— Case 2. A, Film on day 53 showing stage IlI bronchopulmonary dysplasia and markedly overinflated right lung causing herniaton across 
anterior mediastinum. Lateral films suggested overexpansion of right middle lobe, although exact lobar localization is quite difficult in view cf distorted 
anatomic relationships. B, Perfusion lung scan showing normal perfusion of expanded lung. C, Ventilation scan with xenon, posterior view, showing 
normal ventilation of overinflated lung matching perfusion. Large collection of radioactivity superiorly corresponds to source of radioactive Jas. 


of bronchopulmonary dysplasia (stage IV), but the overexpan- 
sion of the right middle lung is greatly reduced. 


Discussion 


In both cases lobar hyperinflation developed in the 
course of assisted ventilation with continuous distending 
pressure. In the first patient, the typical radiographic 
pattern of pulmonary interstitial emphysema, consisting 
of small, uniform, nonbranching linear or circular lucen- 
cies, was first noted on day 3. The progressive overinfla- 
tion of the upper lobe was thought to represent persist- 
ent emphysema; however, with time and with the forma- 
tion of larger cysts, bronchopulmonary dysplasia was 
also considered. In case 2, early occurrence of pneumo- 
thorax indicated alveolar rupture. Subsequent overex- 
pansion of the right middle lung on radiographs could be 
interpreted as representing either cystic pulmonary inter- 
stitial emphysema or bronchopulmonary dysplasia with 
asymmetrical emphysema, compensatory to atelectasis 
present elsewhere in the lungs, or caused by ball valve 
bronchial obstruction. 

Because functional exclusion of the overexpanded 
lobe by selective bronchial intubation was considered in 
both cases, lung scans were obtained in an attempt to 
evaluate regional lung function. In case 1, °™Tc perfu- 
sion lung scan showed severe diminution of blood flow 
to the emphysematous right upper lobe, indicating no 
functional value. Decreased regional lung perfusion was 
perhaps due to a combination of reflex vasoconstriction 
mediated by local hypoventilation and hypoxia [11], as 
well as vascular compression by interstitial air. Such 
nonfunctioning tissue may recover after resorption of 
emphysema, and conservative management of lobar hy- 
perinflation is preferable to lobectomy [3, 7]. Unfortu- 
nately, selective bronchial intubation was unsuccessful 
in case 1 and lobectomy was necessary. The value of the 
scan was the assurance that no functional tissue was 
being excluded, and ultimately resected. Diminished 
perfusion of the emphysematous lobe made a ventilation 


scan unnecessary; even normal ventilation would simply 
imply a dead space in that instance. 

In case 2, perfusion of the overexpanded right middle 
lobe proved surprisingly good, actually better tnan that 
of other lung regions. A ‘'%*Xe ventilation scan was 
therefore needed to exclude ventilation-perfus on mis- 
matching, responsible for intrapulmonary ‘right-to-left 
shunt. It revealed good ventilation, no air trapping in the 
right middle lobe, and no evidence of ventilation-perfu- 
sion mismatching. These findings excluded regional 
alveolar or interstitial emphysema. The enlargement of 
the lobe may be best explained as compensatory emphy- 
sema related to atelectasis elsewhere secondary to bron- 
chopulmonary dysplasia. 

The infant (case 2) improved slowly on conservative 
management of increased FiO, and intermittent continu- 
Ous positive airway pressure and Survived with extensive 
bilateral bronchopulmonary dysplasia. Since there was 
no lung resection, we have no tissue confirmaticn of the 
diagnosis nor a definitive answer to what would have 
happened had selective bronchial intubation or lobec- 
tomy been performed. However, it is reasonable to as- 
sume that such a resection of functioning lung paren- 
chyma might have been catastrophic. 

Conservative management of regional neonatal em- 
physema complicating ventilatory support should be 
encouraged. In addition to the potential of recovery of 
the overinflated lobe with such treatment [3, 7], sponta- 
neous resolution has also been reported [12]. Recent 
work relative to the value of lung scanning in neonatal 
lobar emphysema supports our conclusions [13, 14]. 

Lung scanning in sick newborns poses the problem of 
transport to the nuclear medicine department. Well 
trained personnel, use of gamma cameras rather than 
rectilinear scanners, and the cooperation of the nuclear 
medicine staff in completing the examinetion without 
delay will minimize this problem. The use of portable 
gamma cameras may be an alternative solution. Radia- 
tion exposure to the patient is within accepted limits, 
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especially with short half-life radionuclides such as tec- 
netium. Other methods of study at this age such as 
angiography, bronchoscopy, or bronchography carry a 
definite risk and might not offer similar information. 

Experience with lung scanning in neonatal respiratory 
disease is generally limited, and our data with these two 
patients are certainly incomplete for definitive conclu- 
sions. However, we hope that this report will stimulate 
interest in more extensive application of radioisotope 
techniques in similar situations so that more meaningful 
data may be collected. 
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Detection Accuracy in Chest Radiography 


JOEL E. GRAY,'? KENNETH W. TAYLO®R,' AND BARRY B. HOBBS' 


The detection accuracy of the diagnostic radiologist is 
important in everyday medical decision making. However, 
little work has been done relating the detection accuracy of 
the radiologist to the quality of the image. This study, using a 
thorax and lung phantom, simulated tissue-equivalent 6.4 mm 
lesions, and a 183 cm source-to-image distance, shows that 
the detection accuracy is not dependent on the focal spot size 
(over a range of 0.3-2.0 mm). However, the false positive rate 
increases when using small focal spots. In addition, the 
detection accuracy decreases with increasing root-mean- 
square (RMS) noise (a measure of the amount of quantum 
mottle in the image), while the false positive rate and intraob- 
server disagreement increase with increasing RMS noise. It is 
also shown that the nonradiologist responds to changes in 
noise in exactly the same way as the radiologist. 


Introduction 


It is often assumed that any degradation in image quality, 
in terms of noise or image fidelity (resolution or modula- 
tion transfer function [MTF]), will significantly decrease 
the detection accuracy of the radiologist. This is an 
important assumption because of the added cost re- 
quired to produce imaging equipment with improved 
resolution and because of the additional dose required 
to produce low noise radiographs. Feddema and Botden 
[1] concluded that the radiologist can detect the perti- 
nent pathology on images of extremely low resolution 
but, given the choice, would normally select the most 
aesthetically pleasing high resolution image. 

Most studies associating image quality with diagnostic 
accuracy have had serious limitations in the types of 
simulated radiographs used. Several authors [2-5] lim- 
ited their studies to relatively simple stimuli, such as 
uniformly exposed radiographs containing circular le- 
sions. Kundel and Revesz [6] studied this problem by 
superimposing simulated lesions on conventional radio- 
graphs using a video system. This approach is limited by 
the restricted response of video systems. More recently, 
Brogdon et al. [7] used radiographs produced by super- 
imposing normal radiographs and radiographs of simu- 
lated pathology. However, the image quality of the dupli- 
cate of the superimposed films was not established. 
Studies using clinical radiographs are usually not con- 
clusive due to variations in the patient and the position 
of the lesion. In such studies it is difficult to determine if 
changes in detectability are due to differences in image 
quality or to lesion location. 

In an attempt to overcome these problems and to 
determine the effect of image quality on detection accu- 
racy, we carried out a study using four screen-film 
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combinations (Alpha 4/RP, Hi Plus/RP, Alpha 4/XD, and 
Alpna 4/XM) and three focal spots (0.3, 1.0, and 2.0 mm 
nominal sizes). Though rare earth screen-film systems 
are not conventionally used for chest radiograohy, the 
potential for patient dose reduction is significant. How- 
ever, it must be assured that the detection accuracy of 
the raciologist is not impaired by the noisier, lower dose 
images. 

The major variables studied were image quality (mod- 
ulation transfer function, MTF) and noise (motzle) with 
differences in responses between radiologists and non- 
radiologists also being considered. Images of a thorax 
phantom with lungs and simulated spherical lesions 
were produced. So that the radiologists would not be- 
come familiar with the distributions, 14 lesion patterns 
were used. 


Materials and Methods 
Experimental Films 


Fims were produced using three focal spots (0.3, 1.0, and 
2.0 mm) and four screen-film combinations (table 1). In all 
instances the modulation transfer function (fig. 1) was deter- 
mined by means of edge-gradient analysis [8]. Only ore MTF is 
shown for Alpha 4 (fig. 1A) since the MTF for all three combina- 
tions using that screen were identical. The effect of phase was 
disregarded since it was found to be negligible for the focal 
Spots used [9]. 

The Alpha 4/RP system is a mismatched system because the 
film is not spectrally sensitive to the green emission o* the rare 
earth phosphors. It was used in the study so that three systems 
with different noise levels and the same MTF could be studied. 

The radiographs for this study (fig. 2) were produced on 28 x 
35.5 cm film using a thorax phantom (3M Co.) consisting of 
human bone encased in Plexiglas. The phantom lungs were dog 
lungs inflated with formalin fumes while the vascular system 
was perfused with latex. The dried, preserved lungs simulated 
the vasculature of the human lung. No attempt was made to 
simulate the mediastinal, diaphragmatic, and abdominal re- 
gions. 

Tre lesions consisted of Lucite spheres 6.4 mm in diameter 
(fig. 3). Several radiologists were shown chest rad ographs 
containing 6.4 and-4.8 mm lesions in identical locatians. They 
detected only one or two of the nine smaller lesions, whereas 
they detected six to eight of the larger lesions. Consequently, 
the sions of larger size were used. 

Al radiographs were produced with the geometry shown (fig. 
4) using an anteroposterior projection. The phantom was posi- 
tioned identically for each radiograph, assuring that the lesions 
and superimposed structures were in the same positions on the 
radiegraphs. The radiographs were made at 90 kVp using 
Stationary grids (10:1 ratio, 40 lines/cm with a 183 cm source- 
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TABLE 1 
Characteristics of Screen-Film Combinations 


Root- 
Rela- Mean- 
Screen-Film Screen Film Type tive iúir 
Combination Type yP Expo- +h 
sure oa 
(x 10?) 
DuPont Hi Plus/ 
Kodak RP. 'CaWO, Blue-sensitive 0.90 0.56 
3M Alpha 4: 
With Kodak 
ee Rare earth Blue-sensitive 1.65 0.57 


With 3M XD. Rare earth 
With 3M XM. Rare earth 


Green-sensitive 1.00 0.61 
Green-sensitive 0.30 0.73 


1.0 
0.8 0.3mm 
re 0.6 
= Alpha 4 1.0mm 
0.4 pers 
0.2 
2.0mm 


0 2 4 6 8 10 0 2 4 6 8 10 
Frequency (c/mm) 


Fig. 1.—Screen-film and focal spot modulation transfer function 
(MTF). A, MTF for screen-film system as function of frequency. B, MTF 
for three focal spots as function of frequency. 


to-image distance). Though higher kVp techniques are conven- 
tionally used, it was necessary to limit the study to 90 kVp due 
to generator timing-circuit limitations. That is, the high speed 
rare earth screen-film combinations, when used at higher kilo- 
voltages, require exposure times much shorter than many older 
generators are capable of accurately and consistently produc- 
ing. 

A Kodak M6AN X-Omat, using DuPont Cronex Multi-Process 
chemistry at 32°C, was controlled sensitometrically throughout 
the experiment. A medium density of 1.0 above the base-plus- 
fog (B + F) level was maintained to better than +0.10 in optical 
density, while the density difference between two points about 
0.25 and 2.0 above B + F was maintained to better than +0.10 
in optical density. The density in the clear, circled region of the 
radiograph (fig. 2) was maintained at 1.0 + 0.05 (1 SD) above 
the B + F level of the film. This density was selected on the 
basis of the radiologists’ choice of a ‘‘diagnostic film’ from 
radiographs made at various density levels. 

All lesions were placed over the lung areas and were located 
on the anterior surface of the phantom (with an anteroposterior 
projection). Each radiograph contained nine lesions; three were 
located in the intercostal spaces, three on the ribs, and three on 
the edge of the ribs so that about half of the lesion was on the 
rib and half was in the intercostal space. 

In order to study the effect of noise, six lesion patterns (P1- 
P6) were used with each of the four screen-film combinations, 
two patterns for each of the three focal spots (0.3 mm, P1 and 
P2; 1.0, P3 and P4; 2.0, P5 and P6). The determination of the 
inconsistency of the participants in reading identical films was 
possible, since a second radiograph was made for each of the 
24 screen-film-focal spot combinations, making a total of 48 
films. 





Fig. 2.—Radiograph of phantom with nine lesions. Obvious lesions, 
deleted in analysis, are indicated by circles; remaining seven lesions are 
indicated by arrows. 


In order to study the effect of focal spot degradation, an 
additional eight lesion patterns (P7-P14) were used with each 
of the three focal spots, two patterns for each of the four 
screen-film combinations (Alpha 4/RP; P7 and P8; Hi Plus/RP, 
P9 and P10; Alpha 4/XD, P11 and P12; and Alpha 4/XM, P13 
and P14). Only one subject (radiologist no. 8) mentioned that 
there seemed to be one or two patterns that were duplicated, so 
it seems that 14 sets of patterns were sufficient for the study. 
Not all of the radiologists read all of the 72 films in each session. 


Film Reading Conditions 


The participants in the study were shown the films in a quiet 
room with subdued light and with no interruptions. Each heard 
the same tape-recorded instructions (see Appendix). Several of 
the participants viewed the radiographs multiple times with 2 
days to several weeks between sessions. The participants in- 
cluded radiologists, residents, and nonradiologists (table 2). All 
participants had visual acuity of 20/20 at 30 and 100 cm. One 
radiologist (no. 1) and three nonradiologists (A, B, and C) knew 
that a limited number of lesion patterns were used and that 
there were nine lesions in each radiograph. 

A conventional viewbox, masked to a film size just under 28 x 
35.5 cm was used. The viewbox brightness was 9 x 10° apostilbs 
(Im/m?). The room was dimly illuminated at 100 Ix (Im/m?). The 
participants were asked to mark the correct lesion locations on 
an 11 x 14 cm reproduction of the radiograph. The viewing 
distances and times were measured by means of a television 
tape recorder. However, no correlation could be found between 
these parameters and the MTF or noise of the radiographs. 


Analysis of Data 


Several lesions were very obvious and were deleted from 
further analysis, since changes in image quality would not affect 
the detection accuracy for such lesions. This merely reduced 


DETECTION ACCURACY IN CHEST RADIOGRAPHY 249 


Fig. 3.—Array of Lucite spheres: 
9.5, 7.9, 6.4, 4.8, 4.0, 3.2, and 2.4 
mm in diameter. Lucite spheres cho- 
sen to simulate lesions were 6.4 mm. 
A, Kodak type M film without inten- 
sifying screens and with no scatter 
or focal spot degradation. B, Alpha 
4-XM screen-film combination with 
sufficient scatter to reduce lesion 
contrast to level similar to that en- 
countered in phantom images and 
with no focal spot degradation. 
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Fig. 4.—Geometry for x-ray imaging system. 


the overall detection accuracy. The detection accuracy was 
then defined as: 


2-0 


fe a 
N -—O' 


(1) 
where N is the number of lesions, O is the number of obvious 
lesions, and C is the number of correct responses. The lesions 
deleted from the screen-film series were those that were cor- 
rectly identified in 22-24 of 24 possible responses and were 
Clearly visible in the radiograph made with the Alpha 4/XM 
combination (the noisiest image). Likewise, the lesions selected 





TABLE 2 


Summary of Subjects 








Subject 





~ Subset 
Ident ica Background Identifica- Background 
tim tion 
| . Radiologist peers Radiologist 
2 .. .. Radiologist < PEE Resident (fourth year) 
< . Resident (third year) ere Secretary 
4 .. .. Radiologist ere Graduate student 
5 .. .. Radiologist ee Medical physicist 
6 .. .. Resident (second year) D...... Radiologic 
7 .. .. Resident (first year) technologist 








for celetion from the focal spot series were located correctly in 
eigh or nine of a possible nine responses and were clearly 
visibee an the films made with the 2.0 mm focal spot. Of the 126 
lesions, 50 were deleted; of these 50, seven were lesions on 
bone, 25 were lesions off bone, and 18 were lesions on bone 
edges. 

Tc study the inconsistency, or intraobserver disagreement, of 
a given observer, two identical radiographs were made with 
each screen-film-focal spot combination. (All lesions, including 
those deleted for the detection accuracy analysis, were included 
in the in raobserver disagreement analysis). For each lesion that 
the partacipant saw twice in the same session on films made with 
the same focal spot and screen-film combination, there were 
three passible responses: (1) the subject did not locate the 
lesion correctly either time; (2) the subject located the lesion 
correct!» both times; and (3) the subject located the lesion 
correcti* only once. The ratio of the number of the responses 
locating the lesion correctly only once to the total number of 
lesion cairs is the intraobserver disagreement. The relative 
intraobserver disagreement is then found by dividing the indi- 
viduel’s intraobserver disagreement for a specific imaging con- 
dition by his average disagreement, thereby reducing the varia- 
tion due to differences between sessions and observers. 

Mech of the analysis used data from the three films in 
comainetion with Alpha 4 screens. This assured that the 
charges noted were due to changes in the noise only and not to 
diffe»ences in the MTF of the intensifying screen. 

A «ou rt of the total number of false positive responses was 
made, aid the average number per reading session was deter- 
mined. 
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Results 
Radiologists as Group 


An attempt was made to determine the effect of 
changes in image quality on the detection accuracy of 
the radiologists using the responses from one session 
for each of nine radiologists (fig. 5). Though trends may 
be apparent, it is not possible to determine from figure 5 
if the changes in detection accuracy were significant, 
due to the wide spread in the overall accuracies of the 
individual radiologists. The wide range of individual 
accuracies has not been considered in many previous 
studies. It is clear that changes in detection accuracy 
must be considered for each radiologist in order to 
determine whether some improve and some get worse 
with changes in image quality. 


Radiologists as Individuals 


Five radiologists were asked to read the films several 
times. Only the change in the criterion level of the 
individual radiologist and a possible learning effect 
could produce changes in the detection accuracy from 
session to session. The results of the multiple sessions 
for the five radiologists evaluated are shown in figure 6. 
Although their mean accuracies vary from 0.45 to 0.85, 
all radiologists respond in a similar fashion to changes 
in image quality. The detection accuracy of the individual 
radiologist is not affected significantly by the change in 
focal spot size for the imaging geometry used. The false 
positive rate tends to decrease with increasing focal spot 
size (fig. 7A). 

Since the radiographs made with the smallest focal 
spot tend to reproduce the fine detail in the phantom 
clearly (i.e., the amount of structured noise is increased), 
it would be expected that the radiologist might falsely 
indicate the presence of a lesion in the noisy back- 
ground. In addition, the radiologist would be expected 
to have a more difficult task in reading the radiographs 
made with the small focal spot because he is not accus- 
tomed to viewing chest radiographs with considerable 
fine detail. 

Since it has been shown that the root-mean-square 
(RMS) noise will interfere with detection [10], we used 
the RMS noise as a relatively simple way to characterize 
fluctuations in the density of a radiograph. The RMS 
noise was determined by uniformly exposing a radio- 
graph and measuring the density at 750 independent 
locations on a film (with fixed aperture of 1 mm). The 
average and the square of the differences (deviations) 
between each measurement were determined. The RMS 
noise is then the square root of the mean of the squared 
deviations or the standard deviation of the density mea- 
surements. The RMS noise has been discussed in detail 
in the literature [11] and recently applied in the radio- 
graphic field [12]. 

It is evident (figs. 6C and 6D) that the detection 
accuracy of the individual radiologist decreases with 
increasing RMS noise. Most radiologists tend to report 
more false positives when the noise is increased (fig. 
7B). Also, the radiologist tends to disagree with himself 
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when reading films with a large amount of noise (fig. 
7C). 


Nonradiologists 


Four nonradiologists viewed the radiographs three 
times each and followed the same procedures as the 
radiologists (fig. 8). The nonradiologists responded to 
changes in image quality in a manner similar to radiolo- 
gists. The findings imply that in the future it should be 
possible to use nonradiologists in such studies if the 
task is well defined and if it involves only the detection of 
a limited, specified pathologic condition. 


Changes in Detection Accuracy 


There were large differences between the detection 
accuracies of individual radiologists (figs. 5-7). Since 
these variations are known to be present in all types of 
responses from human observers, the foregoing data 
can be analyzed by eliminating the individual differ- 
ences. This can be done by looking at the changes in 
detection accuracy of the radiologists as a group. 

lf A, is the detection accuracy for a particular film 
quality and A, is the accuracy for films of a different 
quality, the change in detection accuracy is given by the 
following formula: 


A, — Å: 


an (A, + A,)/2 ° (2) 








This result is merely the change in the detection accu- 
racy normalized to the average accuracy. The results are 
shown in figure 9, where the lowest noise and the 
smallest focal spot image are assigned a relative detec- 
tion accuracy of unity. It is apparent that the variation 
due to differences between individual radiologists has 
been reduced considerably (cf. fig. 5). Increasing the 
focal spot size from 0.3 to 2.0 mm had no effect on the 
detection accuracy (figs. 9A and 9B). The detection 
accuracy decreased for increasing RMS noise (figs. 9C 
and 9D). 

A fourth data point, X (figs. 9C and 9D), was plotted 
for the Hi Plus/RP screen-film combination. Although its 
value for RMS noise is not significantly different from 
that of the Alpha 4/RP combination, the relative detec- 
tion accuracy is significantly lower, due to the lower 
modulation transfer function (MTF) for the Hi Plus screen 
compared to the Alpha 4 screen. 
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Fig. 6.—A, Detection accuracy as function of focal spot size for five 
radiologists. Numbers in A and C refer to reading session. B, Data from A 
combined to show detection accuracy for individual radiologists. Num- 
bers in B and D refer to radiologists. C, Detection accuracy as function 
of root-mean-square (RMS) noise for five radiologists. D, Data from C 
combined to show detection accuracy for individual radiologists. 


Discussion 


As in any study of this nature, the results must be 
viewed in terms of the type of radiographic study and 
simulated pathology involved. In this case, the results 
apply only to chest radiography and to the detection of 
relatively small lesions (6.4 mm). It is interesting that 
lesions of the next smaller size (4.5 mm) were very 
difficult to detect. This tends to be supported by the 
general consensus in radiology that lesions less than 5 
mm in diameter are virtually impossible to detect, and, 
under normal clinical conditions, lesions larger than 5 
mm and closer to 1 cm are the smallest lesions normally 
considered potentially pathologic. 

The overall detection accuracy for all lesions in the 
intercostal spaces was 0.90 compared to an accuracy of 
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Fg. 7.—A, Number of false positive responses per reading session as 
funcio of nominal focal spot size. B, Number of false positive responses 
per seeding session as function of root-mean-square (RMS) noise. C, 
Relzive intraobserver disagreement as function of RMS noise. 


0.6¢ for all lesions over bone. (The detection accuracy 
for those lesions on the bone edges was 0.77.) This 
indicates that considerable improvement in detection 
accuracy can be realized by making two radiographs, 
bota in the posteroanterior projection with the focal spot 
shifted slightly vertically. About 75% of the thorax vol- 
ume would then be imaged without superimposing pos- 
terior structures, compared to about 50% of the volume 
witk cne radiograph. However, this increase in detection 
accuracy would require twice the x-ray dose to the 
patent and would also increase the cost of the exami- 
nation. 

In many respects the films used in this study were 
much better than clinical radiographs. The films in this 
study should be considered as optimal because (1) the 
lack cf mediastinal material in the phantom reduced the 
ameunt of scattered radiation in the lung parenchyma; 
(2) the degradation due to patient motion was absent; (3) 
the fim densities were maintained at an ideal level, 
although this should be expected in the clinical environ- 
meat with adequate phototiming and quality control; and 
(4) the film reading conditions were ideal. Although 
usimg ideal films may increase the detection accuracy, it 
does aot alter the conclusions of this study. 

Tne validity of such a simple detection task relative to 
diagnosis may be questioned. A sequential task includes 
(1) detection—something is present; (2) recognition—it 
is cefmitely pathologic; (3) discrimination—it is a lesion 
of ē specific type; and (4) diagnosis. Thus, the detection 
tasE is of prime importance, because if the object is not 
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Fig. 8.—Detection accuracy, false positive responses, and intraob- 
server disagreement for nonradiologists. 


detected the following steps leading to diagnosis cannot 
be carried out. Lack of detection in this study is assumed 
to be attributed to two factors: (1) errors in search—the 
area in which the lesion is located is not searched; and 
(2) errors in detection—the area is searched but the 
‘signal’ is below the criterion level selected by the 
individual radiologist. 

Several participants commented about the quality of 
the images during the study. Although they were never 
aware of the screen-film combinations or focal spots 
used, several radiologists commented on the excellent 
quality of particular films which, in fact, were made with 
the Alpha 4/RP screen-film combination (low noise, high 
resolution [MTF]) and particularly those made with the 
1.0 or 2.0 mm focal spots. One nonradiologist consist- 
ently stated that the quality of the images made with the 
Alpha 4/RP screen-film system and the 2.0 mm focal 
spot were superior to all others. The Alpha 4/XM screen- 
film system was considered unacceptable by most partic- 
ipants, regardless of the focal spot used. The Alpha 4/ 
XM radiographs had an excessively mottled appearance 
and gave the impression of low contrast, although in the 
density range of interest the contrasts of the four screen- 
film systems were similar (fig. 10). 

The fact that the radiologists and nonradiologists re- 
sponded similarly to changes in image quality is not 
surprising, since the task involved was strictly detection 
of a very limited “pathology.” In addition, the fact that 
the nonradiologists’ detection accuracy was similar to 
that of the radiologists is interesting in terms of the 
training of paramedical personnel to screen radiographs. 
However, it must be remembered that if paramedical 
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Fig. 9.—Relative detection accuracy for radiologists and nonradiolo- 
gists as function of nominal focal spot size and root-mean-square (RMS) 
noise. One standard error of mean (SEM) is indicated. 
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personnel are trained to detect a particular pathologic 
aspect, they will no doubt disregard other pathology that 
may be present in the radiograph. 

An analysis of the location of the false positive re- 
sponses provided no additional insight into the viewing 
or detection techniques of the participants. Both radiol- 
ogists and nonradiologists recorded more false positive 
responses on or near the major vessels. Only if the 
images produced a large number of false positive re- 
sponses, such as in the Alpha 4/XM screen-film combi- 
nations, did a significant portion of the false positive 
responses occur in the lung parenchyma distal to the 
major vessels. 

Significant numbers of false negative responses were 
also associated with the major vessels. In many cases 
such lesions appeared only as a slight (photographic) 
density decrease in the vessel area with no lesion border 
or outline visible. 

The results of this study indicate that: (1) changes in 
detection accuracy should be determined for radiolo- 
gists as individuals, not as groups; (2) radiologists and 
nonradiologists respond to changes in image quality ina 
similar manner; (3) the detection accuracy is not affected 
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by changes in the focal spot size, but the false positive 
rate decreases with increasing focal spot size; (4) the 
detection accuracy decreases for increasing root-mean- 
square noise; and (5) the false positive rate and intraob- 
server disagreement increase with increasing root-mean- 
square noise. 
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APPENDIX 


The following instructions were provided to each subject by 
means of a tape recording: 

The study in which you are about to participate has been 
designed to provide basic data concerning the detection accu- 
racy of chest radiographs made under known, controlled con- 
ditions. You will be shown a set of nine radiographs for which 
you will be asked to locate as many lesions as possible and 
indicate their location on the reproductions of the radiograph 
provided. After each of these nine radiographs you will be 
shown the correct lesion locations. 

After the completion of the first set of radiographs you will be 
shown a total of 72 radiographs that must be read in less than 1 
hour and 15 minutes. You will be asked to locate as many 
lesions as possible, but you will not be advised if you are 
locating the lesions correctly. In addition, to assure that each 
answer sheet is scored properly, you will be asked to record the 
number of the radiograph on the sheet in the upper left corner. 

In summary, there may be as many as nine lesions visible in 
each radiograph. Accurately locate as many lesions as possible 
and indicate their position on the answer sheet. Be sure to 
record the radiograph number on the upper left corner of the 


sheet. 2nd remember, the 72 radiographs must be reed in less 
than 7 Four and 15 minutes. 
Aretere any questions? 
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Bronchography in the Recognition of Congenital Cystic Bronchiectasis 


PIRAN ALIABADI' AND HAMID SHAFIEPOOR' 


Congenital cystic bronchiectasis is an uncommon disease. 
Most of the reported cases have been in infants and young 
children. This paper presents four cases of older children and 
younger adults who had congenital cystic bronchiectasis. 
Distribution of the disease is lobar or may even involve an 
entire lung. Bronchography plays an important role in the 
diagnosis of congenital cystic bronchiectasis. The three im- 
portant bronchographic signs of congenital cystic bronchiec- 
tasis are: (1) absence of contrast filling of the bronchial 
glands duct; (2) contrast filling of numerous cysts which 
communicate directly with the bronchial tree; and (3) nonvi- 
sualization of normal lung parenchyma within the area of 
involvement. 


Congenital cystic bronchiectasis is rather uncommon, 
and knowledge of this disorder is not very extensive. 
Bronchiectasis is defined as permanent and irreversible 
abnormal dilatation of bronchi, and is usually considered 
to be acquired. There is a type of bronchiectasis which is 
probably congenital in origin, although in most cases 
this is difficult to prove. Congenital cystic bronchiectasis 
is thought to be the result of developmental arrest. This 
may result in cyst formation, retention of fluid or air, and 
the risk of subsequent infection [1]. Congenital cystic 
bronchiectasis has been found almost exclusively in 
infants and young children [2, 3] and also has been 
reported accompanying other congenital anomalies [4], 
or in patients with deficiency of bronchial cartilages [5- 
fi. 

Correlation of clinical, radiologic, surgical, and path- 
ologic findings of one case of proven congenital cystic 
bronchiectasis led us to review our case material. This 
communication describes four cases, all older children 
and young adults, with congenital cystic bronchiectasis 
who had no other congenital anomalies. We also are 
reporting on the usefulness of bronchography in making 
the diagnosis of congenital cystic bronchiectasis. 


Subjects and Methods 


All bronchograms performed between April 1965 and March 
1975 at Pahlavi University affiliated hospitals were studied; 128 
had radiologic evidence of bronchiectasis. For these 128 cases 
the hospital records, plain chest x-ray and bronchogram, and 
surgical and pathologic reports were reviewed. 

The bronchogram on each patient was examined for pres- 
ence or absence of contrast filling of bronchial gland ducts, 
extension of involvement of the lungs, and presence or absence 
of normal lung parenchyma in the involved area. The descrip- 
tion of the gross appearance of the lungs, especially the 
involved portions, was obtained from the surgical reports, while 
the report of gross morphology of the specimens and micro- 
scopic findings were obtained from the pathology reports. 
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Results 


Cnly four of the 128 patients met the criteria for the 
diagnosis of congenital cystic bronchiectasis. The three 
maes and one female were 10-20 years old. In all four 
patents the history of bronchiectasis, cough, and spu- 
tum production dated back to earlier childhood. All 
shewed mild to severe clubbing of the fingers. 

Plain chest films showed cystic changes in the in- 
volved lobe(s) or lung, with the cysts having air-fluid 
levels. The bronchogram showed massive cystic bron- 
chiectasis in the involved area with no normal lung 
parenchyma and no bronchial gland duct filling in that 
reg on. The remainder of the lobes or lungs were normal. 
The extent of involvement was as follows: entire left lung 
(fig 1); left lower lobe (fig. 2); entire right lung (fig. 3); 
anc right middle and right lower lobes (fig. 4). 

At surgery, glistening pleural surfaces were seen hav- 
ing cysts protruding on the surface. Gross spec mens in 
all tour patients showed readily inflatable lobe(s) or lung. 
The cysts were filled with mucopurulent materia’. Micro- 
scapically all cases showed massive cystic bronchiec- 





Fig. 1.—13-year-old male with history of cough, chest pain, 
and sputum formation since childhood. Bronchogram of laft lung 
shows cystic changes involving entire left lung with cysts com- 
mum cating directly with bronchial tree. Contrast filling is limited 
m basilar segments but air-filled structures are well seen (arrows). 
No normal lung parenchyma is identified, and no bronchial gland 
duct filling is seen. 
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Fig. 3.—Supine film of chest after bronchogram in 10-year-old 
female with long history of cough and sputum production. Cystic 
changes involve entire right lung. Rib notching on right side is 
due to collateral circulation. 


tasis in the involved area. There was little or no interven- 
ing lung tissue remaining between the bronchi. No 
deficiency of cartilage was seen in the bronchial walls. 


Discussion 


Congenital cystic bronchiectasis is a rare disease 
thought to be found almost exclusively in infants and 
young children [2, 3]. Pathologically, congenital cystic 


Fig. 2.—16-year-old male with 
long history of cough and sputum 
formation.A, Plain chest film reveal- 
ing cysts in left lower lobe with air- 
fluid levels (arrows). B, Broncho- 
gram showing massive cystic bron- 
chiectasis of left lower lobe. No nor- 
mal lung parenchyma or bronchial 
gland duct filling is identified. 


Fig. 4.—Bronchogram in 20-year-old male with long history of 
malodorus cough. Massive cystic bronchiectasis and volume loss 
involve right middle and lower lobes. No normal lung parenchyma 
or bronchial gland duct filling is seen in involved lobes. 


bronchiectasis is probably a form of congenital cystic 
disease in which normal alveolar tissue does not form, 
and the proximal bronchial tree develops chronic inflam- 
mation [8]. It is seen in children and young adults. 
Although the young age and short duration of symptoms 
have been used as the criteria for diagnosis of the 
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congenital cystic bronchiectasis [9], Anasari et al. [4] 
reported the disease in a 46-year-old man with other 
congenital anomalies. Our patients were older children 
and young adults without other congenital anomalies. 

Congenital cystic bronchiectasis closely resembles ac- 
quired saccular bronchiectasis. The congenital type can 
be distinguished by the absence of normal lung paren- 
chyma between the large dilated bronchial cysts and by 
their extension toward the pleural surface [4]. The con- 
genital form is pink, inflates readily, and involves an 
entire lobe or lung, while the acquired form fails to 
inflate, is slate blue, and tends to be sublobar or segmen- 
tal [10]. Inflammation often complicates the cystic 
changes in the lungs and obscures the original nature of 
the bronchiectasis [11, 12]. 

In our four cases the entire lobe or lung was involved 
and was readily inflatable and noncollapsible. Multiple 
cysts could be seen on the surface of the specimens, 
filled with mucopurulent secretions. In cut section most 
of the cystic spaces intercommunicated. 

Chronic bronchitis and bronchiectasis commonly co- 
exist, and their radiographic findings may occur simul- 
taneously [13]. Enlargement of the ducts of bronchial 
glands is characteristic of chronic bronchitis. Bronchog- 
raphy in chronic bronchitis shows contrast filling of the 
bronchial gland ducts, appearing as small cystlike pro- 
jections from the bronchial wall. This is a manifestation 
of the inflammatory reaction in mucous membrane [14]. 
Simon and Galbraith [15] reported these findings in 50% 
of cases with chronic bronchitis and noted that these 
changes are more closely related to the duration of 
bronchitis than to its severity. Greg and Trapnell [16] 
demonstrated these findings in 57% of cases with early 
chronic bronchitis. All 124 patients in our study with 
acquired bronchiectasis had bronchial gland duct filling. 
None of the four patients with congenital bronchiectasis 
showed filling of ducts of the bronchial glands, even 
though all of the patients had a long history of chronic 
disease. The bronchogram in these four cases showed 
no normal lung parenchyma in the involved lobe(s) or 
lung. Numerous cysts were filled during the broncho- 
gram, showing that they communicated directly with the 
bronchial tree. 

While congenital cystic bronchiectasis due to defi- 
ciency of bronchial cartilage has been reported [5-7], 
and predisposition to bronchiectasis in association with 
bronchial asthma, histiocytosis X, and mucovisidosis are 
well recognized [17-19], none of our patients showed 


evidence of the above diseases and no cartilage defi- 
ciency was recognized on pathologic examination of the 
specimens. 
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Laryngocele 


MARVIN M. LINDELL, JR.,! BAO-SHAN JING,’ EDWARD P. FISGHER,* ° OSCAR M. GUILLAMONDEGUI,* AND 
SIDNEY WALLACE’ 


Laryngocele occurs more commonly than the literature 
indicates. Until recently, most were diagnosed clinically in the 
symptomatic patient. Although laryngocele is usually asymp- 
tomatic, greater numbers are being diagnosed because more 
patients suspected of head and neck cancer are undergoing 
sophisticated diagnostic radiographic procedures. Of 2,068 
patients studied at M. D. Anderson Hospital and Tumor Insti- 
tute for suspected laryngeal or hypopharyngeal cancer, 87 
(4.2%) had laryngoceles. Three types of laryngocele are rec- 
ognized: internal, external, and combined. They may be con- 
genital or acquired and occur at any age. The coexistence of 
carcinoma and laryngocele has been discussed often enough 
in the literature to suggest a direct relationship; however, this 
series yielded no substantive evidence to implicate laryngo- 
cele as a precursor of carcinoma. The radiographic proce- 
dures currently used which readily establish the presence of 
laryngoceles are lateral soft tissue radiography of the neck, 
anteroposterior tomography of the larynx, and contrast laryn- 


gography. 


Laryngocele, as described by Virchow in 1867, is an 
abnormal saccular dilatation of the appendix of the 
laryngeal ventricle of Morgagni [1-11]. The sac is lined 
with pseudostratified columnar ciliated epithelium and 
communicates with the ventricle by a narrow stalk. The 
laryngeal appendix or appendage arises from the lateral 
recess in the anterosuperior aspect of the ventricle 
(fig. 1). If the appendage projects above the upper border 
of the thyroid cartilage, it is considered abnormally long, 
1.0 cm or longer [6, 12]. The saccular dilatation of this 
appendix, by definition, is a laryngocele. 

There are three types of laryngoceles: internal, exter- 
nal, and combined. Internal laryngoceles may remain 
small and localized, or elongate and extend beyond the 
upper border of the thyroid cartilage to the epiglottis and 
even into the base of the tongue. The external type is 
formed when the dilated appendage penetrates the thy- 
rohyoid membrane and extends into the subcutaneous 
tissues of the neck [13]; this occurs in about 20%. A pure 
acquired external laryngocele probably does not exist. It 
is but an extension of the internal type and thus repre- 
sents the external component of a combined laryngo- 
cele. The combined laryngocele exhibits both internal 
and external components [5]. 

Since Larrey’'s first description in 1829, laryngoceles 
have been reported in 344 patients [1-4, 14]. We present 
the radiographic features and clinical implications of 
laryngoceles found in 87 patients at the M. D. Anderson 
Hospital and Tumor Institute. 
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Subjects and Methods 


Between 1963 and 1976, 2,068 patients were referred to our 
institution for evaluation of suspected carcinoma of tne larynx 
or hypapharynx. All had radiographic examination unless clini- 
cally ccntraindicated. The radiographic evaluation of a laryn- 
geal mess includes: lateral soft tissue radiography of “he neck, 
anteroposterior tomography of the larynx, and laryngography. 
All three diagnostic procedures are not routinely performed on 
all patients. We select studies that best demonstrate the disease 
procese. 

Lateral soft tissue radiography of the neck. This examination 
is performed using both single emulsion film anc xeroradiogra- 
phy which allow maximum latitude so that bone, soft tissue, 
and air densities can be appreciated with the same factors. 
Exposures are made with the patient breathing quietly through 
the nos2 when a laryngeal lesion is suspected and, in addition, 
throug’ the mouth when a lesion in the oropharynx is cf primary 
consideration. This procedure is performed on all patients. 

Anteroposterior tomography of the larynx. Multiple tomo- 
grams are usually exposed at 3.0 mm increments during pho- 
nation ~o a depth of 3.0 cm. When a laryngocele is present or 
suspected, it is best visualized when tomograms are obtained 
during the modified Valsalva maneuver, a puffing out of the 
cheeks with closed glottis which causes an increase im intralar- 
yngeal Dressure. 

Laryr gography. Contrast laryngography is done im the an- 
teroposterior, lateral, and oblique projections. Films are ob- 
tained during quiet respiration, phonation, modified Valsalva 
and Vaetsalva maneuvers, and reverse phonation. 

Using these radiographic techniques, the soft tissues of the 
larynx are beautifully portrayed. The manifestations of laryngo- 
cele depend upon the size and location of a smooth rounded 
mass d storting the normal anatomy. When air is present in a 
laryngacele, which most frequently is the case, the lucent air 
shadow is projected over the anterior or midportion of the 
suprachottic larynx. In our experience, laryngoceles are most 
often cemonstrated by anteroposterior tomography, and all 
types cf laryngocele are most exquisitely defined by contrast 
laryngegraphy. 

Internal laryngocele is seen as a sharply demarcated air sac 
in the =upraglottic region of the larynx. It may extend upward 
and laterally from the ventricle within the substance of the false 
cord ard aryepiglottic fold. It is best seen on lateral soft tissue 
radiography and anteroposterior and lateral laryngography 
(fig. 2). 

External laryngocele is best visualized as a sharply defined 
round or oval radiolucency within the soft tissues of the neck 
lateral šo the hyoid bone and above the thyroid cartilage. It may 
enlarge during the modified Valsalva maneuver and is well 
demonstrated on anteroposterior tomography and lateral soft 
tissue sadiography, especially xeroradiography. No purely ex- 
ternal |aryngocele was found in this series. 
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Fig. 1.—Laryngeal appendix. A, Anteroposterior laryngogram showing laryngeal appendix on right (arrow). B and C, Drawings from anteroposterior 
and lateral laryngograms showing laryngeal appendix (large arrows). 1 = true cord: 2 = laryngeal ventricle; 3 = false cord; 4 = aryepiglottic fold: 5 = 
valleculae; 6 = pyriform sinus; 7 = laryngeal surface of epiglottis; 8 = thyroid cartilage; 9 = hyoid; 10 = arytenoid. 





Fig. 2. -Internal laryngocele. Anteroposterior lar- 
yngogram showing large, bilateral internal laryngo- 
celes (arrows). 


Combined laryngocele has features of both forms. Anteropos- 
terior tomography may demonstrate that the lucency has an 
hourglass configuration, because one segment of the sac is 
within the larynx and the other is extralaryngeal. A small air- 
filled channel is often seen joining the two segments [5, 10] 
(figs. 3 and 4). Laryngography is quite useful in demonstrating 
the internal component. 


Results 


Of 2,068 patients, 87 (4.2%) had demonstrable laryn- 
goceles. There were 51 cancers (58%) in these 87 pa- 
tients: 43 were laryngeal and eight were hypopharyngeal. 


In 36 cases no tumor was found. Benign disease was 
exhibited in 25 patients. There were 26 patients with 
ipsilateral laryngocele and tumor, five of whom exhibited 
bilateral laryngoceles, seven with contralateral laryngo- 
cele, six with bilateral tumors and unilateral laryngocele, 
and four with bilateral tumors and bilateral laryngoceles. 
In no instance did tumor arise in a laryngocele (fig. 5). 

Among the 87 patients, 75 complained of hoarseness. 
Of these, 42 had vocal cord carcinoma, 25 inflammatory 
disease, and 11 neither neoplastic nor inflammatory 
disease. Among benign lesions reported were papilloma, 
cord leukoplakia, cord weakness and paralysis, and 
Supraglottic edema. Of 13 patients who complained of 
dysphagia and/or sore throat, two had laryngeal carci- 
noma, eight extrinsic laryngeal carcinoma, and two 
benign disease. 

Discussion 


Laryngoceles may be congenital or acquired and occur 
at any age. Laryngocele is reported to be less common 
in the female [11, 15]. In this series, incidence in females 
was 28%, but males constituted 75% of patients exam- 
ined. Development of congenital laryngocele is contin- 
gent upon the presence of a congenital saccular dilata- 
tion of the ventricular appendage. An increase of intra- 
laryngeal pressure may cause the sac to distend and at 
times extend into the aryepiglottic fold [7, 8]. The ac- 
quired laryngocele may develop in persons whose occu- 
pations cause high intralaryngeal pressure. This is well 
documented in glass blowers and wind instrument mu- 
sicians. Chronic respiratory disease, especially when 
associated with cough, is not an uncommon cause [1, 5, 
6, 10, 13, 16-18]. 

Clinically most laryngoceles are asymptomatic. When 
symptomatic, the patient commonly suffers a choking 
sensation associated with noisy respiration and a muf- 
fled quality of the voice [1]. There is often hoarseness 
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Fig. 3.—Combined laryngocele. Anteroposterior laryngograms performed duʻing quiet breathing (A) and phonation (B) showing soft tissue mass 
involving left aryepiglottic fold and false cord with foreshortening of ventricle and narrowing of pyriform sinus (black arrows). Laryngocele proven by 
surgery. Note air-fluid level in external component (white arrows). C, Anteroposterior tomogram showing air-filled internal component on left (arrow). 





Fig. 4.—Combined laryngocele. Anteroposterior to- 
mogram showing internal (a) and external (b) compart- 
ments on left side. Note large carcinoma of right 
pyriform sinus. 


and reflex cough due to encroachment of the laryngeal 
space. Fluid may be expectorated during coughing 
spells, and severe choking and dysphagia may occur. 
Dyspnea is most often marked in infants and younger 
children, and laryngocele has caused sudden obstruc- 
tion and death [3, 4, 6-8, 10]. There are usually no 
physical signs [4]. A soft reducible mass in the lateral 
cervical region which becomes more pronounced during 





Fig. 5.—Carcinoma of right pyriform sinus and right 
laryngocele. Anteroposterior tomogram showing large 
right pyriform sinus carcinoma and internal laryngo- 
cele uninvolved by tumor (arrow). 


the modified Valsalva maneuver suggests laryngocele [1, 
3,5, 7, 10, 15, 16, 19-22]. If the saccule is filled with 
mucoid material, it is termed a laryngomucocele (fig. 6). 
Secondary infection may lead to formation of pus within 
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Fig. 6.—Laryngomucocele. Anteroposterior tomo- 
gram showing soft tissue mass involving right false 
cord, aryepiglottic fold, right side of ventricle, and 
pyriform sinus (arrows). Laryngomucocele proven by 
surgery. 


the sac, which then is termed a pyocele or laryngopy- 
ocele [1, 4, 5-10, 21]. 

In our series there was a 58% incidence of associated 
tumor, which is higher than previous reports but under- 
standable in view of the nature of this institution. The 
reported incidence of laryngocele and laryngeal append- 
age in the presence of cancer of the larynx and hypo- 
pharynx is variable, ranging from 6.18% to 37% [3, 6, 7, 
11, 14, 23, 24). 

The coexistence of cancer and laryngocele has been 
observed often enough to suggest a direct relationship. 
The question of which entity is primary has not been 
resolved. Theoretically, increased intralaryngeal pres- 
sure may lead to the development of laryngocele in the 
elongated appendix. Carcinoma obstructing the ventri- 
cle may change an incipient laryngocele into a clinical 
one. Bilateral laryngoceles not infrequently coexist with 
unilateral carcinoma and may exist without any laryngeal 
or hypopharyngeal disease. We have found no substan- 
tive evidence that indicates laryngocele is a precursor of 
carcinoma. The presence of tumor on the side of the 
laryngocele or laryngeal appendage may cause obstruc- 
tive changes that lead to enlargement of that saccule. 
Inasmuch as laryngoceles are usually asymptomatic, 
patients with symptoms of laryngeal origin should be 
thoroughly evaluated, including biopsy of suspicious 
lesions, in order not to overlook associated malignant or 
benign disease. 
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Wilms’ Tumor to the Heart: Clinical and Radiographic Evaluation 


THOMAS L. SLOVIS,' BARBARA CUSHING,? BERNARD J. FEILLY.? ZIA Q. FAROOKI,? ARVIN |. PHILIPPART ,* 
WALTER E. BERDON,*® DAVID H. BAKER 5 AND JOSEPH O. REED' 


The clinical and radiographic appearances of four children 
with cardiac extension cf Wilms’ tumor and four cases from 
the literature are described. Four of the eight children were 
seen for “cardiac problems” and four for “routine” Wilms’ 
tumor. In those ‘routine’ cases, there were no clinical sug- 
gestions of inferior vena cava or cardiac extension. Preoper- 
ative screening for tumor extension may be crucial. However, 
because of the rarity of cardiac extension, it would be appro- 
priate to screen patients by noninvasive methods such as gray 
scale ultrasound of the abdomen, echocardiography, or com- 
puted tomography before any invasive procedure is consid- 
ered. 


Since Wilms’ tumor grows by direct extension, it occa- 
sionally enters the renal vein and inferior vena cava [1]. 
Further growth, once the tumor is in the inferior vena 
cava, may lead to intracardiac extension. Since the 
Surgical approach is altered in these children, it is 
imperative that the preoperative evaluation detect the 
extent of the lesion. 

Four cases from three pediatric institutions and four 
cases from the modern literature were studied in an 
effort to define the clinical spectrum of these patients. 
Rather than set rigid rules for patients with Wilms’ tumor, 
each patient's workup should be individualized on the 
basis of the clinical findings and the appropriate use of 
available noninvasive methods. 


Case Material 


The four current patients were from Children’s Hospi- 
tal of Michigan, Detroit (cases 2 and 3), Hospital for Sick 
Children, Toronto, Ontario (case 4), and Babies’ Hospi- 
tal, New York (case 8). Echocardiographic material for 
cases 2 and 3 [2, 3] and surgical findings in case 8 [4] 
were previously published. The other four cases in the 
study (cases 1, 5-7) were from the literature [5-8]. The 
autopsied case of Olser [9] was excluded. Age range of 
patients was 2-5'/2 years. The clinical findings of all eight 
cases conveniently fell into two groups: cardiac disease 
and right heart failure, and abdominal mass. 


Results 
Group 1: Cardiac Disease and Right Heart Failure 


Cases 1-4 all had cardiac murmurs and signs of right 
heart failure. All four patients also showed jugular dis- 
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tersion and/or ascites. Flank mass was in tially appreci- 
ated in only one patient (case 2). Two patients had an 
initial diagnosis of cardiac disorder. Chest radiography 
showed an enlarged heart in all four patients and lung 
metastases in case 3. On catheterization, all four patients 
had obstructed inferior venae cavae, and all had right 
atr al masses. In one patient (case 4), the heart lesion 
was ciagnosed by computed tomography (CT); in two 
patients (cases 2 and 3), the cardiac lesion was detected 
by echocardiography. Three of the four patients died. A 
summary of findings is shown in table 1. 


Group 2: Abdominal Mass 


Cases 5-8 had no cardiac symptoms (table 1). Only 
ome patient (case 6) had a heart murmur; this was 
thought to be an incidental ventricular septal defect. 
None of these patients had right heart failure, jugular 
distension, or ascites. A flank mass was initially appreci- 
ated in al! four cases, and the initial diagnosis of all four 
patients was Wilms’ tumor. Chest radiography showed 
nermal-sized hearts in all four patients anc normal lungs 
in three; case 8 had pleural effusion that was nonneo- 
plestic by cytologic and chemical evaluation. Only one 
patient (case 8) had completed cardiac catheterization, 
which showed a right atrial mass. This patient went into 
shock while awaiting surgery and developed a new 
murmur. Both this patient and case 7 had catastrophic 
events (sudden cardiovascular collapse) that led to the 
diagnosis of tumor extension. Three of the four patients 
died. Group 2 is summarized in table 1. 


Illustrative Case Report 


Case 3 is presented in detail because it is the only case in this 
senes in which the clinical signs of cardiac extension became 
apparent months after the primary tumor was removed and 
because it emphasizes the hazards of missing extension prior to 
initial ‘therapy. The 5'/2-year-old female was referred for evalua- 
tion of pulmonary metastasis and a cardiac murmur 6 months 
after a nephrectomy for a Wilms’ tumor on the left side. A left 
flamk mass was found 6 months before admission, and excretory 
urography demonstrated a left renal mass. No pulmonary me- 
tasases were present at that time. Pathologically, the mass 
extencaed through the capsule of the kidney to the margins of 
the resection and into the renal vein. The patient was treated 
with actinomycin D and radiation. She did well for 6 months 
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TABLE 1: Summary of Findings 
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Fig. 2.—A, Injection at level of 
inferior vena cava, right atrium, 
showing reflux into hepatic vein, but 
no reflux into vena cava proper. 
Right atrium is filled with contrast 
and lucent tumor mass is im right 
ventricle (white arrows). B, Injection 
in right atrium showing lucent tumor 
mass in right atrium (arrowhead), 
ventricle, and right ventricular out- 
flow tract (arrows). 


brachial route. If the femoral route were used, catheter 
passage might be impossible because of inferior vena 
cava obstruction. Since cardiac masses on the right side 
are unusual, the primary site of this mass must be 
sought; in children, Wilms’ tumor would be a likely 
possibility. Once a mass is found by echocardiography 
and inferior vena cava obstruction is delineated by 
brachial route catheterization, full renal evaluation is 
indicated. Alternatively, as soon as the mass is shown on 
echocardiography, CT may define the entire lesion. 

In the four patients in group 2—those with Wilms’ 
tumor extension to the heart who presented with an 
abdominal mass—there are really no clinical clues to 
diagnose this extension. Only one of these four patients 
had a murmur, and none was in right heart failure. The 
only pleural effusion found was nonneoplastic. 

Two patients in group 2 had precipitous cardiovascular 
collapse. Thus it seems that the preoperative diagnosis 
of tumor extension is important not only to prevent the 
precipitous events, but also because it alters the surgical 
approach. If the inferior vena cava is not patent, imme- 
diate control of the cava must be obtained prior to 
manipulation of the tumor. When there is cardiac exten- 
sion, the surgical team must be prepared for cardiopul- 
monary bypass and a simultaneous cardiac-abdominal 
approach should be utilized. 

Since there are no clinical clues to tumor extension in 
group 2, a preoperative noninvasive evaluation of the 
inferior vena cava is necessary in all patients with Wilms’ 
tumor. With only eight cases in the modern English 
literature, invasive procedures would not be warranted 
for the vast numbers of patients with Wilms’ tumor that 
do not have cardiac extension. 

The use of a saphenous vein injection at the time of 
urography has been advocated as a means of showing 
the inferior vena cava, but frequently the inferior vena 
Cava is not seen, and the evaluation must continue [10]. 
Rapid recent advances with gray scale ultrasound 
makes this an optimal screening test, and the inferior 
vena cava should always be identified. It was readily 
seen in our last 70 consecutive gray scale examinations 
in children between 5 days and 20 years of age. When gray 
scale ultrasound of the abdomen is done in the longitu- 
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Fig. 3.—Gross specimen of resected tumor. Most infe- 
rior portion (arrow) is stump of left renal vein; vertical 
portion is cast of inferior vena cava. White arrows show 
region of tricuspid valve with atrial portion proximal and 
ventricular portion distal. 


diral projection, the proximal inferior vena cava entering 
the right atrium and the retrohepatic vena cava are seen. 
It £ this portion of the cava about which we are most 
concerned, since localized tumor at the entrance of the 
reral vein into the inferior vena cava can be readily 
diegnosed and removed without major technical altera- 
tions at surgery. Since we can see the cava in children 
and since ultrasound experience has shown tumor in the 
inferior vena cava, it is appropriate to accept that either 
nonvisualization of the cava or mass within the cava on 
ultrasound are indications for more invasive procedures, 
Such as brachial route cardiac catheterization (fig. 4) 
[17]. 

The latest noninvasive method available is CT. At 
present, this diagnostic tool is limited by the availability 
of the scanner. However, the entire lesion from the 
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Fig. 4.—Longitudinal abdominal scan of 9-year-old patient 
showing large right Wilms’ tumor (T) growing into inferior vena 
Cava (arrow). Cava is expanded at level of tumor. L = liver. 


kidneys through the inferior vena cava and into the heart 
can be visualized (fig. 5). It is noninvasive and (depend- 
ing on the number of seconds it takes for the scan) the 
patient may not need sedation. 

Thus the patient with an abdominal mass, who on 
urography is thought to have a Wilms’ tumor, need only 
have abdominal ultrasound and chest radiography (for 
metastases) prior to surgery, unless further abnormali- 
ties are found. In addition to showing the patency of the 
inferior vena cava, ultrasound detects whether the mass 
is solid or cystic and gives some evaluation of the 
opposite kidney. If ultrasound shows obstruction of the 
vena cava, brachial catheterization can be performed. 
Alternatively, as soon as the mass is found, CT can 
detect and delineate the entire lesion. 

Both ultrasound and CT would seem to be optimal 
diagnostic tools for following patients with Wilms’ tumor. 
Since case 3 demonstrates the delayed clinical appear- 
ance of tumor propagating into the heart, these nonin- 
vasive methods should be useful as repetitive proce- 
dures. 
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Benign Pneumoperitoneum Following Median Sternotomy Incision 


SIDNEY GLANZ,' CARL E. RAVIN,' AND M. M. DEREN? 


Because of the close anatomic relationship of the pericar- 
dium, diaphragm, and peritoneal cavity, a benign pneumoper- 
itoneum may occur following median sternotomy incision and 
cardiac surgery. The pneumoperitoneum results from inad- 
vertent opening of the peritoneal cavity during the initial 
surgical incision or during the subsequent cardiac surgery. It 
is generally of no significance to the patient, although it must 
be distinguished from pneumoperitoneum occurring second- 
ary to intraabdominal pathology or to retrograde dissection of 
extraalveolar air in patients on ventilatory support. Two illus- 
trative cases are presented. 


Introduction 


Asymptomatic pneumoperitoneum following coronary 
artery bypass graft or other surgical procedure requiring 
median sternotomy has not previously been noted in the 
radiologic literature. Although produced at the time of 
surgery, the pneumoperitoneum frequently is not recog- 
nized until an erect chest film is obtained, generally 4-7 
days after surgery. The appearance of free intraperito- 
neal air at this time may lead to unnecessary concern 
over intraabdominal pathology. While catastrophic 
events such as bowel perforation must certainly be 
excluded, it is important to be aware that a benign 
pneumoperitoneum may occur following median sterno- 
tomy. Clinical correlation and knowledge of the surgical 
approach are required to adequately evaluate the pneu- 
moperitoneum. 

Pneumoperitoneum occurring during median sterno- 
tomy is a result of the anatomic relationships of the 
pericardium, diaphragm, and peritoneum (fig. 1). The 
inferior portion of the parietal pericardium is densely 
adherent to the middle tendenous portion of the dia- 
phragm. The diaphragm in turn rests directly on the 
peritoneum, although in the region of the xyphoid there 
is frequently a layer of preperitoneal fat interposed be- 
tween the inferior surface of the diaphragm and the 
peritoneum. The median sternotomy approach requires 
a midline incision of the skin from the upper border of 
the manubrium to a point well below the xyphoid. The 
inferior extension is necessary for wide sternal retrac- 
tion. 

The peritoneal cavity may be entered in three areas. 
The first is in the region directly below the xyphoid, 
where the peritoneal fat is dissected when opening the 
median sternotomy incision. Because of its proximity, 
the peritoneal cavity can easily be entered during such 
dissection. Second, the inferior surface of the parietal 
pericardium along with the adherent fibers of the dia- 
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phragm is frequently incised to gain adequate surgical 
exposure, particularly when the right coronary artery is 
to t= grafted. If the peritoneum is closely adherent to the 
diaphragm in this region, the peritoneal cavity can easily 
be entered. Third, the peritoneal cavity may be entered 
durmg insertion of chest tubes for mediastinal drainage 
at the conclusion of the surgical procedure. Th2se tubes 
are placed below the fascia of the abdom nal recti 
muscles but above the peritoneum in the area of the 
preperitoneal fat. The peritoneal cavity may be entered 
accidentally, however, during placement cf these tubes. 


Case Reports 
Case 1 


A 57-year-old white male patient underwent coromary artery 
by 2@ss surgery with a saphenous vein graft to the proximal and 
distal left anterior descending coronary artery, to the posterior 
descending coronary artery, and to the marginal circumflex 
co onary artery. The postoperative course was uneventful. The 
first erect radiograph of the chest was obtained 5 days after 
surgery and revealed free intraperitoneal air (fig. 2). The patient 
was asymptomatic at that time and had been extubated several 
davs previously. He had no evidence of extraalveolar air on the 
chest film. The pneumoperitoneum resorbed completely by the 
tert postoperative day. 


Case 2 


A 71-year-old white male underwent aortic valve replacement. 
The postoperative course was uncomplicatec, and the first 
erec: film of the chest 5 days after surgery revealed free 
int aperitoneal air (fig. 3). The patient was asymptomatic, had 
been extubated, and had no evidence of extralveolar air on the 
ches: film. The pneumoperitoneum resorbed ccmpleely by the 
fifteenth postoperative day. 


Discussion 


Large amounts of free intraperitoneal air can be diag- 
nosed on supine chest radiographs which include the 
upder abdomen. More commonly, however, the pneu- 
moperitoneum is not detected until the first erect film is 
ob dined. In the patient who has undergone major car- 
diac surgery, this usually will be several days postopera- 
tively; by this time, intraperitoneal air introduced at 
Surgery will have been resorbed in most cases. In a study 
of 134 patients undergoing major abdominal surgery, 
Bryant et al. [1] found that pneumoperiton2um could be 
demonstrated in 58% and required 1-24 days to resorb. 
Over 50%of the cases with pneumoperitoneur demon- 
Strated complete resorption in 5 days or less. The most 
cormsistent factor related to the duration of pneumoperi- 
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Fig. 1.—Diagram showing close anatomic relationship of pericardium, 
diaphragm, and peritoneum. Proximity of these structures accounts for 
propensity to enter peritoneal cavity when opening median sternotomy 
incision or during subsequent dissection to gain adequate exposure for 
cardiac surgery. 





Fig. 2.—Case 1. Erect chest radiograph 5 days after coronary artery 
bypass grafting. Note free intraperitoneal air under right hemidiaphragm. 


toneum was the initial volume of free air, although body 
habitus also seemed to play a role with resorption being 
more rapid in obese patients. Thus if a large amount of 
free air were introduced initially or resorption were slow, 





Fig. 3.—Case 2. Erect chest radiograph 5 days after insertion of 
prosthetic aortic valve. Abdomen contains a large amount of free intra- 
peritoneal air. 


pneumoperitoneum may still be present when the first 
erect chest film is obtained. 

Pneumoperitoneum has numerous etiologies [2-7]. 
Potentially the most serious is rupture of an abdominal 
viscus. Most often this catastrophic event is associated 
with characteristic clinical and laboratory findings. While 
evaluation may be made somewhat more difficult by 
recent thoracic surgery, clinical findings generally are 
sufficiently suggestive to distinguish patients who have 
suffered a catastrophic intraabdominal event from those 
with benign pneumoperitoneum. 

Most patients who have undergone major cardiac 
Surgery are intubated for several days, and a significant 
number have poorly compliant lungs secondary to 
chronic congestive failure or to superimposed chronic 
lung disease. These patients may require high ventilatory 
pressures which predispose them to extraalveolar collec- 
tions of air, as manifested by interstitial emphysema, 
pneumomediastinum, and pneumothorax. Mediastinal 
air may dissect downward along fascial planes surround- 
ing the aorta and the esophagus into the retroperito- 
neum. If dissection occurs along mesenteric vessels into 
the subserosa of the bowel, perforation into the perito- 
neal cavity may follow. Some investigators have sug- 
gested that retroperitoneal air may perforate directly into 
the peritoneal cavity. In a series of adult patients with 
extraalveolar air, Rohlfing et al. [3] found that all those 
with free intraperitoneal air had an associated pneumo- 
mediastinum. Thus pneumoperitoneum secondary to ex- 
traalveolar dissection of air can be distinguished by the 
presence of pneumomediastinum. 

In the absence of clinical signs of an acute abdomen 
or the radiographic detection of extraalveolar air, the 
pneumoperitoneum is probably explained by the surgical 
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incision. The diagnosis of benign pneumoperitoneum 
secondary to the surgical incision is strengthened by 
progressive decrease in the amount of air on subsequent 
films. 
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Anterior Pathway for Transdiaphragmatic Extension of 
Pneumomediastinum 


PAUL K. KLEINMAN,' PAULA W. BRILL ? AND JOSEPH P. WHALEN? 


It is classically taught that mediastinal air enters the abdo- 
men posteriorly by dissection along vascular sheaths. Present 
studies in infants, children, and young adults demonstrate 
dissection of extrapleural air to the subdiaphragmatic extra- 
peritoneal space between the sternocostal origins of the 
diaphragm. The presence of extrapleural air above and extra- 
peritoneal air below the diaphragm clearly defines the anterior 
diaphragmatic attachments, producing a characteristic radio- 
graphic sign. Recognition of this sign permits precise locali- 
zation of air collections above and below the diaphragm, 
implying subdiaphragmatic extension of extraalveolar air 
rather than retroperitoneal perforation of a hollow viscus. 
Since collections of both extrapleural and intrapleural air may 
collect in a subpulmonic location, the ability to distinguish one 
from another has definite implications regarding chest tube 
placement. 


Much has been written about pneumothorax and pneu- 
momediastinum since Laennec’s description in 1819 
[1-8]. Extraalveolar air collections have become com- 
monplace with the widespread use of assisted venti- 
lation in the management of respiratory insufficiency 
[9-14]. According to the classic work of Macklin and 
Macklin [7, 15, 16], air arising from aleolar rupture pro- 
gresses to the mediastinum via the perivascular sheaths. 
Mediastinal air, under tension, may then spread to the 
deep cervical regions, subcutaneous tissues, and the ex- 
traperitoneal spaces. In the last instance, the generally 
accepted mechanism is extension of mediastinal air 
posteriorly along the aorta to the retroperitoneal space 
[15, 17-20]. 

This paper presents an additional pathway by which 
extrapleural air gains access to the extraperitoneal 
spaces, that is, between the anterior diaphragmatic at- 
tachments. A configuration is evident in which the costal 
origins of the diaphragm are precisely outlined by extra- 
pleural air above and extraperitoneal air below, indicat- 
ing transdiaphragmatic extension of pneumomedias- 
tinum. 


Materials and Methods 


Adult cadavers, hung in the upright position, were frozen in 
dry ice for 24 hr. They were then sectioned in transverse, 
sagittal, and coronal planes on a bandsaw. The sections were 
then correlated with standard human anatomy texts and radio- 
graphs of infants, children, and adults with extraalveolar air 
collections. 

Anatomy 


The parietal pleura is attached to the thoracic wall by 
connective tissue known collectively as the endothoracic 
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faszia. Various subdivisions of the endothoracic fascia 
have individual names, such as Sibson’s fascia covering 
the lung apices and the phrenicopleural fascia ettaching 
the parietal pleura to the diaphragm [21]. The endothor- 
aci> fascia is continuous with the transversalis sendoab- 
dominal) fascia behind the diaphragm at the lum>ocostal 
arnes and the aortic hiatus [22]. 

The surface of the diaphragm is completely lined by 
encotnoracic fascia superiorly and transversalis fascia 
inferiorly [22]. The costal origins of the diaphragm from 
the inner surfaces of the lower six ribs and their carti- 
lag2s provide a line of separation between these two 
fascial planes (figs. 1 and 2). Three anterior gaps in the 
diadhragm provide areas of blending of these two fascial 
planes: a single anteromedian gap between the two 
fleshy slips which arise from the back of the xiphoid 
process and form the sternal origin of the diaphragm; 
anc two parasagittal gaps between the sternal and costal 
oricins of the diaphragm, the sternocostal triangles (for- 
amen of Morgagni). The paired internal mammeéry arter- 
ies and veins pass through the sternocostal triangles and 
cortinue in the abdomen as the superior epigastric 
vessels (figs. 1 and 2A). 

Ir the anterior abdominal wall, between the transver- 
sal fascia and parietal peritoneum, there is an anatomic 
Space containing a layer of extraperitoneal fat continu- 
ous with the flank (properitoneal) fat, which im turn is 
cortinuous with the posterior pararenal space [23, 24]. 
These anterior, lateral, and posterior extraperitoneal 
reg ons form a continuous space which communicates 
inferiorly with the extraperitoneal pelvis. This fascial 
cortinuity allows a process arising in the anterior extra- 
pertoneal region to extend laterally to the flank, poste- 
rior y to the retroperitoneum, and inferiorly to the pelvis. 


Radiologic Observations 


As extrapleural air builds under tension in the anterior 
mediastinum, it comes in contact with the sternal and 
coal origins of the diaphragm. Air may then dissect 
thrcugh and between the sternocostal triangles to the 
anterior extraperitoneal region. On the lateral film, air in 
the anterior mediastinal region will demonstrate appar- 
ent continuity with anterior extraperitoneal air. A linear 
dersity representing the xiphoid origins of the dia- 
phragm will be noted separating the extrapleural and 
exteaperitoneal air (figs. 3 and 4). 

As anterior extraperitoneal air spreads laterally into 
the flank, it will define the inferior aspect of the lateral 
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costal origins of the diaphragm (fig. 5B). When there is 
sufficient extrapleural air above the diaphragm and ex- 
traperitoneal air below, the anterior portions of the 
diaphragm will be visualized on the frontal film as a 
bandlike density extending from T11, the level of the 
xiphoid, laterally to terminate in sharply defined slips on 
the anterolateral ribs (fig. 5C). On the frontal chest film, 
the sign is seen more frequently on the left as the 
Fig. 1.—Disgram of costechondral margin as viewed trom superimposed liver density limits visualization on the 
below. Sternocostal triangles enclose internal mammary vessels l l i 3 
right. However, a well penetrated abdominal film will 


and are formed by xiphoid origins of diaphragm medially (straight 
arrows) and costal origins laterally (curved arrows). demonstrate the anterior origins of the right diaphragm 


¥ 








Fig. 2.—A, Cross section of cadaver at level of T10-T11 interspace. Arrows mark costal origins of diaphragm. Xiphoid (white arrow) is flanked by 
internal mammary vessels. S = stomach, L = liver. B, Sagittal section of cadaver slightly right of midline. Costal origins of diaphragm (single arrow) 
provide line of separation between extrapleural space and extraperitoneal space. Process in extrapleural space can extend through sternocostal 
insertions of diaphragm to anterior extraperitoneal space (double arrow). d = diaphragm, St = stomach VC = vena cava, P = papillary process of 
caudate lobe of liver, V = portal vein. 


Fig. 3.—Case 1, 1-year-old boy 
after respiratory arrest following 
elective tracheostomy. Chest tubes 
were placed for bilateral pneumo- 
thorax. Large pneumomediastinum 
is present. Xiphoid origins of dia- 
phragm are sharply outlined (curved 
arrow). Anterior origins of right 
hemidiaphragm are vaguely visual- 
ized (A, black arrows). Note exten- 
sive extraperitoneal air anteriorly 
and in flank (white arrows) with no 
appreciable retroperitoneal air. 
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Fig. 4.—Case 2, 5-year-old girl 
with diffuse lung disease. Pneumo- 
mediastinum outlines left heart bor- 
der and extends to neck. Extraperi- 
toneal air is seen in flanks extending 
to undersurface of right hemidia- 
phragm on A (arrows). Xiphoid 
Origins of diaphragm are outlined on 
B (arrows). 


Fig. 5.— Case 3, previously well 21-year-old woman with first asthmatic attack A. Endotracheal tube in place. Lungs are severely hyperinflated. 
Pneumomediastinum and cervical and subcutaneous air are present. Pneumothorax is on left and conspicuous air collection is at left base. B, After 
chest tube insertion, pneumothorax has been evacuated but bullous air collection at left base persists. Extraperitoneal air in left flank outlines 
diaphragmatic costal origins (arrow). Right lateral decubitus chest film (not shown 1 day after chest tube insertion showed no change in subpulmonic 
air collection, confirming inferior extrapleural location. C, Bulk of extrapleural air sas been evacuated by new basilar chest tube. Costal origins of left 
hemidiaphragm are defined by extrapleural air above and extraperitoneal air belaw (arrows). D, Abdominal film demonstrates extraperitoneal air in 


flank (white arrows). Costal origins of right hemidiaphragm are outlined (black arrows). 


as well (fig. 5D). When this sign is present, bullous 
collections of supradiaphragmatic air can be localized to 
the extrapleural compartment. A chest tube which drains 
the adjacent pleural space will have little effect on the 
extrapleural air, and an additional chest tube which 
drains this region may be necessary (figs. 5A-5C). 

On both frontal and lateral projections, extraperitoneal 
air will conform to the normal location of the properito- 


ne@ fat (figs. 3, 4, and 5D). As the flank fat is continuous 
with the posterior pararenal space, anteriorly located 
extraperitoneal air may extend posteriorly to the retro- 
per toneum as well as inferiorly to the pelvis [23, 25]. 


Discussion 


Mediastinal air under tension may dissect into virtually 
all locations that share a fascial plane of communication, 
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including the neck, subcutaneous tissues, and retroper- 
itoneal spaces [7, 15, 18]. 

In 1930 Joannides and Tsoulous [18], using an experi- 
mental dog model, demonstrated extension of medias- 
tinal air to the retroperitoneum by dissection along the 
postesophageal areolar tissues to the retroperitoneal 
space. Macklin [15] demonstrated similar findings in 
cats, but found most thoracic air entering the retroperi- 
toneal space along aortic fascial planes. Both investiga- 
tors studied the specimens via anterior thoracoabdom- 
inal incisions, thus creating an outlet for any anterior 
extraperitoneal air accumulations; this probably explains 
why only retroperitoneal air was described in these 
instances. In 1960, Keyting et al. [19], while investigating 
the etiology of pneumatosis intestinalis, demonstrated 
retroperitoneal as well as intramural colonic air exten- 
sion following injection of air into the supporting tissues 
of the thoracic aorta of the pig. 

Meyers [25] stressed the anatomic point that the en- 
dothoracic and transversalis fasciae are in continuity. 
The sternocostal triangles are the small anterior parasa- 
gittal areas through which these fascial planes blend and 
extrapleural air can reach the anterior extraperitoneal 
region. Our observations delineate this anterior route of 
extension. 

Once extraalveolar air reaches the anterior extraperi- 
toneal region, it can dissect along the transversalis 
fascial plane to the retroperitoneum and pelvis. If retro- 
peritoneal air is under sufficient pressure, the parietal 
peritoneum will be violated and free intraperitoneal air 
will result [17, 18]. These accumulations of intra- and 
extraperitoneal air may raise the suspicion of a perfo- 
rated hollow viscus. In the acutely ill patient receiving 
assisted ventilation, extraalveolar air may extend to the 
abdomen with little evidence of pneumomediastinum or 
pneumothorax on the chest film. While the presence of 
extraalveolar air in the chest does not exclude intestinal 
perforation as the source of extraperitoneal or intraperi- 
toneal air [26, 27] in the absence of significant clinical 
signs referable to the abdomen, surgical intervention 
may be deferred. Visualization of the anterior diaphrag- 
matic attachments indicates the presence of extrapleural 
and extraperitoneal air. There are rare reports of medias- 
tinal air arising from an apparent subdiaphragmatic 
source after barium enema, and from a perforated duo- 
denal ulcer [28, 29]. However, in the setting of assisted 
ventilation, the intimate contact of extrapleural and ex- 
traperitoneal air required to outline the costal insertions 
implies anterior transdiaphragmatic extension of me- 
diastinal air. 

Intra- and extrapleural air may collect in a subpulmonic 
location [30-32]. Differentiation is important, since a 
chest tube placed in the pleural cavity will have little 
effect on an inferior extrapleural air collection. Differen- 
tiation on the supine film is difficult, and in the very ill 
patient on a respirator a decubitus film may not be 
feasible [33, 34]. However, if the anterior diaphragmatic 
attachments are outlined on the frontal film alone, an 
extrapleural collection may be assumed and a malposi- 
tioned chest tube avoided. 


Both pneumothorax and pneumomediastinum tend to 
collect anteriorly in the supine position [33, 35]. As 
mediastinal air builds under tension, it may vent itself 
into the extraperitoneal space. An anterior course, be- 
tween the sternocostal origins of the diaphragm, is a 
significant pathway by which extraalveolar air enters the 
abdomen. In the patient receiving assisted ventilation, 
visualization of the anterior attachments of the dia- 
phragm indicates transdiaphragmatic extension of me- 
diastinal air. 
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Radiographic Spectrum of Pleuropulmonary Tularemia 


SANFORD A. RUBIN' 


Pleuropulmonary disease was seen in 50 of 62 patients 
(81%) with proven tularemia. Radiographic findings included 
patchy subsegmental air space opacities (74%), hilar lymph- 
adenopathy (32%), and pleural effusion (30%). Less common 
manifestations were air space opacification of an entire lobe 
or segment, cavitation, oval opacities, pericardial effusion, 
linear opacities and septal lines, apical and miliary disease 
resembling tuberculosis, a mediastinal mass, empyema with 
bronchopleural fistula, and residual cystic changes, calcifica- 
tion, and fibrosis. Pleuropulmonary tularemia may be easily 
misdiagnosed as other infectious diseases, neoplastic dis- 
eases, and occasionally cardiac or other pericardial disease. 
It should be considered whenever patients from endemic 
areas present a perplexing radiographic and clinical picture. 
Such patients should have the benefit of a serologic exami- 
nation for tularemia, since this disease may be effectively 
controlled with appropriate antibiotics. 


Introduction 


The disease caused by the microorganism Francisella 
tularensis was described in 1911 by McCoy and Chapin 
[1, 2] who isolated the etiologic agent from ground 
squirrels dead or dying of a “plague-like” disease in 
Tulare County, California. Much of the early work on the 
disease was done by Francis [3, 4] who studied the 
epidemiology of the disease and suggested the name 
tularemia. It is now known that tularemia is maintained 
in nature by transovarian passage in ticks,* and the 
Causative organism has been found in practically all 
animal species. The usual sources of infection are 
through handling or ingestion of an infected animal or 
the bite of an infected arthropod, most commonly the 
wood tick (Dermacentor andersoni), the dog tick 
(Dermacentor variabilis), and the Lone Star tick (Am- 
blyomma americanum) [5, 6]. Laboratory workers may 
contract the disease by inhalation of infected aerosols 
[5, 7]. Less commonly, the disease may be contracted 
from a biting insect or by ingestion of contaminated 
water. Pleuropulmonary involvement was first reported 
in 1924 by Verbrycke [8] who noted pulmonary nodules 
and pleural effusion during autopsy of a patient who 
died of tularemia. The radiographic findings of pleuro- 
pulmonary tularemia were summarized by Sante in 1931 
[9], and numerous similar reports followed [6, 7, 10-13]. 

The last report in the radiologic literature of a large 
series appeared prior to the availability of specific anti- 
biotic therapy for tularemia [11], and to my knowledge 
no report has appeared in the American radiologic liter- 
ature since 1960 [7]. This review was undertaken be- 
cause of the protean nature of the disease and because 
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many radiologists and internists visiting Arkansas from 
endemic areas have been unfamiliar with its clinical and 
rad@ographic manifestations. 


Materials and Methods 


Records were reviewed of all tularemia patients seen at the 
University of Arkansas for Medical Sciences and the associated 
Litte Rock Veterans Administration Hospital. Patients were 
eliminated from study if the diagnosis was not considered 
definite by the Department of Medicine and Infectious Diseases 
or Ý complete records and radiographs were not available. 
Clinica records and radiographs were fully evaluated for 62 
patients who ranged in age from 11 to 78 years. Only three of 
the 52 were women, possibly because 34 patients were from the 
Veterans Administration Hospital and because men are more 
likely to be exposed to ticks and wild game. Cf the patients, 
6&% had recently been bitten by ticks and 22% had been 
expesed to wild game. No factor could be identified in the 
remaining 10%. Most patients had routine posteroanterior and 
lateral chest radiographs at admission; some had anteropos- 
terier radiographs made with mobile equipment. A few patients 
had additional procedures such as tomography, lateral decu- 
bitus radiographs, and bronchography. 


TABLE 1 


Sadiographic Findings in 50 Tularemia Patients with 
Pleuropulmonary Involvement 











Finding No. Patients %o 
Patchy air space opacities ................. 37 74 
RNG xk x kede FEE E he-cewenwak 27 54 
PI 6 liiand ined ox cach A EE 10 20 
FANG BRONGUGINY 6 caiaicsnaxddsccnessowser 16 32 
OO ae a E: 11 22 
NE EEE E E E TI AA 5 10 
PRON ices bi oo KS bisa den eeade 15 30 
MOE i 0h ine TI T N PERE E 10 20 
O eee aa a eee ae 5 10 
Lobar or segmental opacities .............. 9 18 
RP i s.o cits din wce cari Renews aly melaoo nen 9 18 
NY EITTERA A AE A. 0 0 
E PONE sie en E E cess ahaee ecue 8 16 
Sa Re o O E E 4 8 
Cardiomegaly, pulmonary edema pattern ... 3 6 
Inte-stitial pattern (septal lines and linear 
OS E T EEEE ET PE EAN T 3 6 
ae e on osc cede sas cx ccewncavews 3 6 
Apia MAIO iriser ccd idwsediccsseenes 2 4 
Empyema and bronchopleural fistula....... 2 4 
ey MODS ossaa ia o aA 1 2 
MARE i aa tne 1 2 
FIMO E aaaea A N ad 1 2 
Residual calcification ..................... 1 2 
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Fig. 1.—51-year-old woman with acute onset of chills, fever, nausea, malaise, myalgia, and headache several days after being bitten by numerous 
ticks. A, Film 2 days after admission showing right hilar adenopathy and bilateral opacities which subsequently became more extensive. B, Film 10 days 
after A showing resolving right pleural effusion and cavitation of resolving opacities several days after initiation of streptomycin therapy. 


Results 


Of 62 patients with proven tularemia, 50 (81%) had 
radiographic findings of pleuropulmonary disease (table 
1). Bronchopneumonia is commonly seen in tularemia, 
occurring in 73% in one autopsy series [14]. In this 
series, radiographic findings of patchy air space opacifi- 
cation, ranging from one or two focal lesions to wide- 
spread bilateral disease, were seen in 37 patients (60%), 
or 74% of patients with pleuropulmonary involvement 
(fig. 1). Other frequent findings were: hilar lymphade- 
nopathy, 32% (figs. 1 and 2); pleural effusion, 30% (fig. 
1); and air space opacification of an entire lobe or 
segment, 18% (fig. 3). Less commonly seen abnormali- 
ties included cavitation and oval or round opacities (fig. 
1), linear opacities and septal lines consistent with inter- 
stitial disease (fig. 4), a mediastinal mass (fig. 2), and 
changes resembling tuberculosis, including apical infil- 
trates and one miliary pattern. 

Three of our patients presented with apparent cardio- 
megaly, pulmonary congestion and infiltration (fig. 5), 
and clinical as well as radiographic findings suggesting 
heart disease with failure. Two of these had proven 
pericardial effusion, one by echocardiography and the 
other by pericardiocentesis. All three patients recovered 
with antibiotic therapy for tularemia and without specific 
therapy for heart disease. Tularemic pericarditis is a 
distinctive but uncommon complication of tularemia. It 
probably develops by direct extension from the pulmo- 
nary lesions or lymph nodes and is characterized by a 
fibrinous or fibrocaseous exudate. If untreated, constric- 
tive pericarditis may develop [5]. 

Our sole patient with a mediastinal mass (fig. 2) also 





Fig. 2.—59-year-old man with disorientation and symptoms of major 
airway obstruction. Note mediastinal widening, hilar adenopathy, and 
small opacity in right upper lobe. Abnormalities resolved with strepto- 
mycin therapy. (Reprinted with permission from [6]) 


had bilateral hilar adenopathy; he presented with respi- 
ratory distress secondary to tracheal compression. The 
mass was believed due to involvement of the mediastinal 
lymph nodes by the disease process, since resolution 
followed therapy for tularemia. Two patients in whom 
diagnosis and therapy were delayed developed empyema 
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Fig. 3.—67-year-old man with chills, fever, cough, and night sweats. Axillary adenopathy and small cutaneous ulcer were noted on left shoulder at 
site of recent tick bite. Opacification of right middle lobe resolved with streptomycin therapy. (Reprinted with permission from [6]) 





Fig. 4.—72-year-old man with toxic febrile illness, dry cough, and 
chest pain. Linear opacities and septal lines are consistent with intersti- 
tial disease. Some air space opacification is also present. Resolution was 
complete. 


and bronchopleural fistulae (fig. 6) which gradually re- 
solved after many months, leaving fibrotic changes in 
the chest. 


Discussion 


Dennis and Boudreau [13] reported a 64% incidence 
of pleural involvement in tularemia. They and others [12, 
14] observed that the incidence of pleural involvement 
increases late in the course of the disease. The lower 
incidence of pleural involvement in the present series 
may be due to relatively early diagnosis and treatment. 

it is not surprising that cavitation, residual cyst forma- 
tion, residual fibrosis, and residual calcification were 
occasionally seen, since the pathologic process in tula- 
remia is similar to that in tuberculosis [5]. Pathologic 
confirmation, however, is not often available because 
tularemia patients recover with appropriate therapy, and 
diagnosis is made by noninvasive techniques. When 
radiographic abnormalities resolved with specific ther- 
apy for tularemia, and subsequent changes developed in 
the precise anatomic areas of the previous abnormali- 
ties, it was assumed that these changes were secondary 
to tularemia. 

In 1943, Bihss and Berland [11] suggested two patterns 
fer the disease: one beginning as hilar adenopathy 
followed by retrograde extension into the lungs (predom- 
imantly in the ulcerative form); the other beginning as 
lung involvement (predominantly in the typhoidal form). 
No documentation of this work was possible. Many 
patients in the current study had both hilar adenopathy 
and pneumonia on the initial radiographs; in fact there 
seemed to be little correlation with tne form of the 
disease (ulceroglandular or typhoidal), the incidence of 
the two forms being essentially the same. Antibiotic 
therapy early in the course of the disease may alter the 
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Fig. 5.—45-year-old man with cough, chest pain, and febrile illness. A, Cardiomegaly, basal atelectasis, and minimal opacification in lower lobes. 
Pericardial effusion was documented by ultrasound examination. B, Resolution following streptomycin therapy. 





Fig. 6.— 63-year-old man with chills, fever nausea, vomiting, and nonproductive cough. Early films had shown right pleural effusion and right hilar 
adenopathy. Diagnosis was delayed and patient subsequently developed empyema and bronchopleural fistula associated with loculated collection of 
fluid in right pleural space with air-fluid level. Considerable scarring of pleura remains following resolution. (Reprinted with permission from [6]) 


progression as described by Bihss and Berland [11]; 
such therapy was not available for their patients. 

In contrast to previous reports [7, 12, 13], oval densi- 
ties were an uncommon finding in this series, occurring 
in only 8% of the cases (fig. 1). While the reason for this 
discrepancy is unclear, one author who noted this find- 
ing [7] was reporting an epidemic caused by inhalation 
of the organism among laboratory workers. Airborne 
infection is quite rare under natural conditions and was 


not thought to be the source of infection in any patients 
in this study. 

Initial symptoms of most patients studied included 
fever with or without chills, chest symptoms referable to 
pneumonia, headache, and signs of systemic toxicity. 
The correct diagnosis was frequently made shortly after 
admission; our internists are aware of the disease since 
Arkansas often leads the nation in the number of cases 
reported annually. Prompt diagnosis is important since 
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TABLE 2 


States Reporting Tularemia: January 1973- 
December 1976 











State No. 
PIMs s0tnee Setiuhcmesedaranienewes 141 
MISSOUM seirinin ETARE eA 81 
CPO osier innana 59 
U a EE E E 47 
E e AEE EE PAA A RAN FTE 45 
VUE aan EEEN 26 
CANOA reia idA SORES 18 
O a aE e T 17 
L(t) ih a ee en ere er ae 15 
RP PEENE EEE T ET OE E 12 
AAO a E EEE EE EESE 11 
ys 66.05 S EE E A E ET 10 
AG E E PE EEEE 107 

TA aE Aa AA phd adaa 589 





* Lousiana and Maryland, nine each; New York, North Caro- 
lina, Wiseonsin, eight each; Mississippi, seven; Florida and 
Kentucky. six each; Minnesota, New Mexico, Oregon, South 
Carolina, South Dakota, and Washington, four each; Colorado, 
Michigan. and Montana. three each; Alabama, lowa, New Jer- 
sey, and Ohio two each; District of Columbia, Idaho, Massa- 
chusetts, Nebraska, and Nevada, one each. 


morbidity increases with delay of appropriate antibiotic 
therapy. Although a skin test has.been described and the 
organism can be cultured, diagnosis is most often made 
by serologic examination. A rising serologic titer is 
considered diagnostic, although a single titer of 1:160 or 
higher is usually of significance [5]. 

Prior to the introduction of specific antibiotic therapy, 
the typhoidal form of the disease had a mortality rate as 
high as 30%-35% [15]. When tularemia is treated with a 
specific drug such as streptomycin, tetracycline, or 
chloramphenicol, death from the disease is rare, and the 
morbidity is also greatly reduced. Patients are usually 
discharged a few days after initiation of therapy [5]. 

In areas where tularemia occurs, it is imperative that 
radiologists be familiar with its clinical and radiographic 
manifestations. The entity has been reported in every 
state in the continental United States [16-19] (table 2), 
Canada, Japan, Central Europe, Asiatic and European 
Russia, and Scandinavia [5, 11, 12]. 

Several clinical forms of the disease have been de- 
scribed. Lymph node involvement accompanies. all 
forms. Most frequently, a primary ulcer may be located 
on the skin (ulceroglandular), in the eye (oculoglandu- 
lar), or in the nasopharynx. Sometimes lymphadeno- 
pathy is seen without a recognizable cutaneous ulcer 
(glandular). Entry of the organism may also be through 
the gastrointestinal tract (typhoidal) or through the lungs 
(pneumonic). There is subsequent dissemination of F. 
tularensis via the lymphatic system and blood stream 
with development of granulomatous lesions throughout 
the reticuloendothelial system, particularly in the lymph 
nodes, liver, and spleen. These granulomata resemble 
those seen in tuberculosis and may caseate or form 
small local abscesses. The predominant cell in areas of 
caseous necrosis is the macrophage, but Langhan’s 
cells are also occasionally seen [5]. Therefore, as previ- 
ously noted, it is reasonable to expect occasional radio- 


graphic findings more commonly associated with other 
granulomatous diseases. 

Even in Arkansas, where the index of suspicion for 
tularemia is high, a number of cases in ths series were 
initally misdiagnosed as tuberculosis, furgal diseases, 
Carcinoma of the lung, or other infectious diseases. 
Many of these would have been more suspect for tulare- 
mi had the appropriate questions regarding exposure 
tc ticks or wild game been asked by the admitting 
physicians. Another important clue in a smaller number 
of Datients was the lack of response of a pulmonary 
infitrate to the usual antibiotics, prompting further 
workup and questioning which led to the correct diag- 
nosis. 
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TABLE 1 
Summary of Cases 














Laboratory Analysis 














iiaiai a R EE Radiographic Analysis 
ney and Sex a ea Rheumatoid Antinuclear First Carpometacarpal Joint’ Other Articular Erosions 
Factor Antibody 
SEO ER 53, F 25 Scleroderma = — Intraarticular calcifica- Metatarsophalangeal 
tion on. right 

ENTE EPI 65, F 15 Scleroderma — + dl wii 

< ST TOF Scleroderma + Fec Proximal interphalan- 
geal; distal interpha- 
langeal 

i ONEEN 49, F 20 Mixed type of collagen _ Intraarticular calcifica- Distal interphalangeal: 


vascular disease t 


tion on left and right interphalangeal of 


thumb 





* All four patients had erosion and subluxation of first carpometacarpal joint on both right and left. 


t Scleroderma, dermatomyositis, Sjogren's syndrome. 





Fig. 1.—Case 1. Scalloped erosions of base of first metacarpal 
and trapezium with radial subluxation of metacarpal. Reprinted 
with permission from [10] 


Discussion 


Four patients each demonstrated joint abnormalities 
at the first carpometacarpal articulations; three of the 
patients revealed typical clinical findings of scleroderma, 
while the fourth demonstrated a mixed pattern of colla- 
gen vascular disease including features of scleroderma, 
polymyositis, and Sjogren’s syndrome. In each case, 
alterations at the first carpometacarpal joint were bilat- 


Fig. 2.—Case 2. Scalloped erosion of trapezium and radial 
subluxation of metacarpal. 


eral and consisted of distinctive resorption of the trape- 
zium and adjacent metacarpal with varying degrees of 
radial subluxation of the metacarpal base. In two pa- 
tients, intraarticular calcifications were apparent at this 
site, and in three patients osseous erosions were noted 
at other articulations. 

Articular erosions are not a well known manifestation 
of scleroderma. When present, these erosions have been 
reported to simulate rheumatoid arthritis [7] or neuroar- 


FIRST CARPOMETACARPAL JOINT IN SCLERODERMA 285 





Fig. 3.—Case 4. Erosions of trapezium and first metacarpal 
associated with adjacent intra- and periarticular calcification. 
Common carpometacarpal articulation is narrowed. 


thropathy [9], or to occur at distal interphalangeal artic- 
ulations [8]. Occasionally scalloped erosions have been 
described in scleroderma associated with intraarticular 
calcification at the inferior radioulnar [12] and first car- 
pometacarpal [10] joints. 

The radiographic findings in these four patients in- 
cluded an identical pattern of involvement of the first 
carpometacarpal joint. The remainder of the articula- 
tions of the wrist were relatively spared, although in case 
4 there were intraarticular calcific deposits at the inferior 
radioulnar joints. This pattern of preferential involvement 
of the first carpometacarpal joint in scleroderma has not 
been previously emphasized, although review of text- 
books and articles dealing with this disease revealed 
additional cases with this radiographic finding. Jacobs 
[15] illustrated a patient with scleroderma who had 
bilateral involvement of the first carpometacarpal joint 
consisting of erosions and intraarticular calcification. 
Reginato and Schumacher [14] described a patient with 
mixed collagen disease who had similar manifestations 
at the first carpometacarpal joint, although additional 
compartments of the wrist were also involved. 

The pathogenesis of this pattern of wrist involvement 
in scleroderma is unknown. Our patients demonstrated 
significant tightening of the skin and muscle atrophy of 
the hand and wrist without evidence of tendonitis. Con- 
tracture of the thumb in adduction was a prominent 
feature. It is of interest that similar radiographic changes 


at the first carpometacarpal joint are occasionally ob- 
sewed in patients with other diseases in which muscle 
and tendon imbalance may produce joint subluxation. 
These diseases include systemic lupus erythematosis 
[16-18], Jaccoud’s arthropathy [18], polymyositis [19], 
and Ehlers-Danlos syndrome [15, 20]. The scalloped 
pattern of osseous erosion of the first metacarpal base 
and adjacent trapezium observed in scleroderma and 
these other diseases may be the result of altered muscle 
and tendon action about this articulation which results 
in aventual radial subluxation of the metacarpal base. 
The presence of additional osseous erosions at other 
ari cular sites (noted in three of our patients) could, on 
the other hand, indicate that erosion at the first carpo- 
metacarpal joint is the result of synovial nflammation. 
Furthermore, the significance of intraarticular calcifica- 
tiom within this joint (noted in two of our patients) is 
unknown. 

Selective involvement of the first carpometacarpal ar- 
ticulation with osseous erosion and subluxation may be 
observed in a variety of connective tissue disorders. 
Wher such articular abnormality is combined with adja- 
cent intra- or periarticular calcification, scleroderma 
would seem to be the best diagnosis. Considering the 
significance of free motion at the first caroometacarpal 
joimt in allowing contact of the thumb with the palmar 
Surface of the ends of the other four digits, accurate 
diagnosis of disorders producing alterations of this artic- 
ulation is particularly important. 
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Pseudocysts of the Humerus 


CLYDE A. HELMS' 


Two patients are described who had areas of rarefaction in 
the humeral heads that were biopsied and found to be normal 
bone. Almost all humeral heads have an area of localized 
rarefaction laterally, and when very pronounced this can be 
confused with a lytic lesion. These pseudocysts are so radio- 
graphically characteristic that they should not be biopsied. 


An area of rarefaction in the humeral head which partially 
overlies the greater tuberosity is a well known normal 
variant [1, 2]. In two recent cases, this rarefaction was of 
such an extent that it mimicked a lytic lesion and resulted 
in surgical intervention. This report illustrates the degree 
to which this rarefaction can occur: such recognition 
may prevent unnecessary diagnostic surgery. 


Case Reports 
Case 1 


A 32-year-old man presented with pain in his right shoulder. 
Laboratory data, including serum protein electrophoresis, and 
physical examination were normal. Radiographs revealed an 
area of rarefaction in the humeral head (fig. 1). Tomograms 
were performed and showed no cortical breakth rough or perios- 
teal new bone formation. Giant cell tumor and chondroblastoma 
were diagnostic considerations. A biopsy revealed normal bone; 
hence, a second operation was performed and a larger speci- 
men obtained. This, too, was histologically normal bone. The 
patient had an uneventful recovery. 


Case 2 


A 22-year-old man had right shoulder pain for several months. 
Physical examination revealed minimal crepitus over the shoul- 
der; laboratory data were normal. A bone scan showed in- 
creased uptake in the right shoulder. Radiography revealed an 
area of rarefaction in the humeral head (fig. 2). In light of the 
previous case, an effort was made to dissuade the surgeons 
from biopsy. However, a biopsy was performed which revealed 
normal bone. The patiemt had an uneventful postoperative 
course. 


Range of Rarefaction 


The humeral head was evaluated prospectively for 
localized rarefaction in 50 shoulders of 44 patients using 
projections made in internal and external rotation. Chest 
films which included the shoulders were not used. The 
usual complaint leading to the radiographs was chronic 
shoulder pain. The humeral heads were placed in one of 
four categories: (1) no rarefaction, (2) minimal localized 
rarefaction, (3) definite localized rarefaction, and (4) 
pseudocyst. Only one patient (2%) had no localized 
rarefaction, 21 (42%) had minimal localized rarefaction, 
and 23 (46%) had a definite localized rarefaction. Five 
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patients (10%) had a rarefaction so well defined that it 
was felt to be easily confused with a lytic lesion. 


Discussion 


Two patients are described with pseudocysts of the 
humeral head that were needlessly biopsied. Three other 
paients have subsequently been seen in which biopsy 
was avoided, partially because of knowledge of this 
en-ity. Although disease processes such as myeloma, 





Fig. 1.— Case 1. Well defined lytic “lesion” is present without 
cor ical breakthrough. Biopsy showed normal bone 





Fig. 2.—Case 2. Appearance similar to case 1. Normal biopsy. 
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Fig. 3.—Normal shoulder with definite rarefaction in region of 
greater tuberosity. No biopsy performed. 


giant cell tumor, chondroblastoma, and metastatic dis- 
ease can certainly occur in the humeral head and mimick 
a pseudocyst, these pathologic processes can usually be 
differentiated easily by criteria such as cortical break- 
through, periosteal new bone, more extensive involve- 
ment than the pseudocyst, and poorly defined margins. 

Up to 98% of patients have a localized area of rarefac- 
tion in the humeral head next to the greater tuberosity 
(fig. 3). This rarefaction can vary from minimal to ‘‘cys- 
tic.” It is felt that this rarefaction is due to a difference in 
the amount of trabecular bone present in the greater 


tuberosity and the remainder of the humeral head. The 
pseudocyst is very characteristic in its appearance and 
location and should not require biopsy or additional 
studies for confirmation. A bone scan may or may not be 
positive depending on the presence or absence of addi- 
tional pathology such as ligamentous avulsion [3] or 
calcific tendonitis [4]. When the patient’s clinical history 
makes a lesion in the humeral head more likely, follow- 
up films are recommended. The area of rarefaction is 
usually, but not always, bilateral; thus comparison views 
are not necessarily helpful. 
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Proximal Femoral Focal Deficiency 


SANFORD L. SCHATZ' AND STEVEN E. KOPITS? 


Proximal femoral focal deficiency, a distinct clinical and 
radiographic entity that results in leg length discrepancy, has 
received little attention in the radiographic literature. Thirteen 
patients were studied and the degree of deficiency estab- 
lished using radiographic criteria. The full extent of hip insta- 
bility often could not be ascertained on radiographs obtained 
during the first year of life. Hip arthrograms combined with 
cine radiography can establish the presence of an unossified 
femoral head and aid in evaluating the degree of hip instabil- 
ity. Unlike other causes of leg length discrepancy, such as 
congenital idiopathic coxa vara, proximal femoral focal defi- 
ciency is often associated with other congenital bony anoma- 
lies, most commonly ipsilateral absent or hypoplastic fibula. 


Introduction 


Proximal femoral focal deficiency is a congenital ab- 
sence of the proximal one-third to two-thirds of the 
femur and is often associated with other congenital 
anomalies. It is usually apparent at birth by a pronounced 
shortening of the lower limb at the expense of the thigh. 
The hip is mobile but is usually flexed, abducted, and 
externally rotated, and the foot approximates the level of 
the contralateral knee (fig. 1). The diagnosis and classi- 
fication are established by radiologic studies. 

Of the many classifications proposed, that of Aitken [1] 
seems the least complicated and most popular. In his 
classification, the condition is divided into four cate- 
gories based on the radiographic appearance at skeletal 
maturity (fig. 2). Classes A and B are the least severe 
forms and have the deficiency below the femoral head. 
In both of these classes an adequate acetabulum and 
femoral head are present. In class A a bony connection 
eventually forms between the femoral head and shaft. 
The point of connection is often a pseudarthrosis which 
may subsequently ossify. Thus, in the least severe forms, 
there is not a true bony deficiency at skeletal maturity, 
but rather an abnormal relationship between the head, 
neck, and shaft of the femur with the shortening due 
mainly to subtrochantertic varus. In class B there is 
never a connection between the femoral head and the 
shaft. The shaft is shortened and deformed, and Aitken 
[1] talks of a small bony tuft at the proximal end of the 
shaft. In class C there is marked dysplasia of the acetab- 
ulum. The femoral head does not form, and the distal 
femoral segment is very short and has an ossified tuft of 
bone at its proximal end. In class D the acetabulum and 
femoral head are both absent, and there is no bony tuft 
on the proximal end of the deficient femoral shaft. 


Received November 29, 1977; accepted after revision March 31, 1978. 


Fixsen and Lloyd-Roberts [2] proposed radiographic 
crieria upon which the ultimate stability of the affected 
limb can be predicted from early radiographs. According 
to -heir classification (fig. 3), type 1 is characterized by a 
femoral shaft having a bulbous proximal end, a zone of 
sclerosis at midshaft level, and angulation at the area of 
sclerosis. This is the only category in which the hip will 
achieve stability and corresponds to Aitken’s class A. In 
tyge 2 the zone of sclerosis is at the proximal end of the 
de‘icient femoral shaft, which is not bulbous but rather 
has an ossified tuft separated from the rest of the shaft 
by a lucent line. Type 3 is similar to type z but lacks the 
ossified tuft. 


Materials and Methods 


Thirteen patients from Johns Hopkins Hospital, Children’s 
Hospital, and Lawrence T. Kernan’s Hospital in Baltimore were 
rev ewed for this study. The eight females and five males were 
eveluated using the classifications of Aitken [1] and Fixsen and 
Lloyd-Roberts [2]. Four had involvement of the right side, eight 
on the left, and one patient had bilateral involvement. Nine 
patients were studied radiographically before cr within several 
months of their first birthday; the other four were studied 
ra@ographically before age 3. The average length of follow-up 
was approximately 14 years. The longest follow-up was 33 
years. 


Results 


In sx patients the differentiation between class A and 
B, and in one patient the differentiation between class C 
and D, could not be made on the initial radiograph. 
However, on the basis of the last available radiograph of 
14 hips (13 patients), seven were class A, four class B, 
one class C, and two class D. The sever class A hips 
were all stable initially. However, the patient with bilat- 
erēl c ass A involvement had progressive varus after the 
age of 5 years, which eventually led to bilateral disloca- 
tion of the hips at age 14. Another patient, initially 
thcugnt to have a stable hip, later developed progressive 
subtrochanteric varus, necessitating a total hip replace- 
ment (fig. 4). In addition, one patient developed a subtro- 
cnanteric fracture through a zone of sclerotic femoral 
snaft, which evolved toward a pseudarthrosis. With treat- 
ment it eventually healed, but in a marked varus position. 

Of seven cases classified as type 1 (stable) because 
they had a bulbous proximal end, three cases did not 
mest all the radiographic criteria of this category. One 
case lacked the zone of sclerosis and three lacked bony 
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Fig. 1.—9-month-old child with marked shortening of right lower 
extremity which is flexed, abducted, and externally rotated at hip. 





Fig. 2.—Aitken classification. (Reprinted from [1]) 





ee 


Type 1 (stable) Type 2 (unstable) Type 3 (unstable) 


Fig. 3.—Fixsen and Lloyd-Roberts classification. (Reprinted 
from [2]) 


continuity between femoral segments. In two of these 
patients hip arthrography and cine were performed. 
Arthrography demonstrated the nonossified parts of the 
hip, and cine demonstrated stability between the femoral 


head and neck in one case (fig. 5) and instability in 
another (fig. 6). 

As Fixsen and Lloyd-Roberts [2] suggest, a relation- 
ship exists between the severity of femoral shortening 
and the degree of hip instability. This has been corrobo- 
rated by our study. Of the eight patients in whom the 
length of the femoral shaft was less than half the normal 
femur, seven had unstable hips. However, unlike Fixsen 
and Lloyd-Roberts [2], we could not correlate the dis- 
tance between the ossified shaft and the acetabulum 
with subsequent hip instability. The ossified tuft of bone 
at the proximal end of the femur mentioned in both 
classifications, when present, seemed to us to represent 
a poorly ossified femoral head. This was confirmed by 
arthrography which allowed visualization of the cartilag- 
inous portions of the femoral head (fig. 5 and 6). 

Whenever an acetabulum was demonstrated on the 
initial radiographs, a femoral head was either present or 
would appear on subsequent films after further ossifica- 
tion. The importance of the femoral head in the initial 
and subsequent development of the acetabulum is dem- 
onstrated by a patient in whom surgical excision of the 
femoral head at age 4 led to complete effacement of a 
previously normal acetabulum. 

Of our 13 patients, 12 had other congenital skeletal 
anomalies. The most common was an ipsilateral absent 
or hypoplastic fibula in eight patients (61.5%). Four of 
the patients with an absent fibula also had anterior 
bowing of the tibia (fig. 7). Six patients had foot anoma- 
lies (equinovarus or absent rays). Two patients had 
absent rays in the hand. 

As in other studies, our patients failed to have any 
significant prenatal history of complications to which we 
could link the occurrence of their condition. However, 
one patient had a cousin with congenital shortening of a 
lower extremity. She also had a great-aunt who had a 
short femur, ipsilateral absent fibula, and congenital 
hand anomalies. We examined the radiographs on this 
person and would diagnose her as having proximal 
femoral focal deficiency (fig. 8). 


Discussion 


In 1939 and in 1948 Golding [3, 4] proposed that the 
short femur of micromelia and the deformity called 
congenital coxa vara were variations of the same condi- 
tion. In 1962 Amstutz and Wilson [5] discussed cases of 
dysgenesis of the proximal femur in which the essential 
components were femoral shortening and coxa vara. 
Subcategories of coxa vara were congenital short femur 
with coxa vara, congenitally bowed femur with coxa 
vara, and infantile coxa vara. In the patients with a 
congenitally bowed femur and coxa vara, the varus 
occurred below the level of the trochanters, and there 
was Often sclerosis in the area of varus. Cases of congen- 
itally short femur with coxa vara and congenitally bowed 
femur with coxa vara had other skeletal anomalies, 
whereas cases of infaltile coxa vara did not. Cases of 
infantile coxa vara have a normal subtrochanteric region 
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Fig. 4.—A, 5-month-old, class A or B (Aitken's classifi- 
cation). Zone of sclerosis below bulbous proximal end 
classifies this as type 1 (Fixsen and Lloyd-Roberts classifi- 
cation). Fibula is absent and there are foot anomalies. B, 
Same child at age 4 demonstrating subtrochanteric varus 
and sclerosis. 


and often have a vertical lucent line in the femoral neck 
across the area of varus with a small triangular detached 
fragment of bone inferior to it. Amstutz [6] believes that 
the width of the linear defect is an indicator of the 
anticipated degree of progression of the varus. Another 
differentiating point is that cases of infantile coxa vara 
are discovered after weight bearing by the presence of a 
limp. The other two categories have more marked de- 
formities and are recognized at birth. 

As Aitken [7] has emphasized in the orthopedic surgery 
literature, proximal femoral focal deficiency is a descrip- 
tive name for a condition which causes shortening due 
to a bony deficiency in the femur, as opposed to shorten- 
ing due to angular or rotatory malalignment. At skeletal 
maturity, the femoral diaphysis (measured from the 
greater trochanter to the lateral aspect of the distal 
femoral condyle) is always shorter than the correspond- 
ing measurement obtained from the normal femur. In 
infantile idiopathic coxa vara this measurement is equal 
to the normal side because the deformity and shortening 
take place more proximally, in the femoral neck (fig. 9). 
Considering the frequency of associated skeletal anom- 
alies in cases of congenitally bowed femur with coxa 
vara and congenitally short femur with coxa vara, we 
consider these conditions as part of the spectrum of 
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proximal femoral focal deficiency and consider infantile 
coxa vara to be a separate entity. Also, patients who go 
on to develop a varus deformity usually have an area of 
sclerosis and narrowing of the medullary canal in the 
subtrochanteric region corresponding to the area of 
Varus. 

'acluded in the clinical differential diagnosis is con- 
genital hip dislocation, which may result in a varus 
deformity and in leg length discrepancy. However, the 
subdtrochanteric portion of the femur is normal. In our 
patients, when an adequate femoral head was present, it 
was always located in the acetabulum on early radio- 
graphs. 

Several problems were encountered in applying the 
Aitken classification [1] to our cases. In six of our 
patients the differentiation between class A and class B 
cauld not be made before the first year, since even in 
narmel hips the appearance of an ossified femoral head 
may be celayed until 1 year of age. In addition, the 
degree of development of the acetabulum is often diffi- 
cult to assess on early radiographs. We have also found 
that a hip may appear stable on early films, only to 
become unstable due to dissolution of a pseudarthrosis 
or fo progressive coxa vara. Both classifications use the 
presence of the ossified tuft. In differentiating between 
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Fig. 5.—Class A or B. A, Femoral head development and its connection 
with shortened femoral shaft are difficult to assess on plain films. B and C, 
Hip arthrography demonstrates femoral head and shows continuity between 


femoral head and shaft. 


class A or class B, the ossified tuft, which we believe is a 
poorly ossified femoral head, seemed to be less impor- 
tant than determining stable continuity between the 
femoral head and shaft. Also, since classes C and D both 
have such severe deformities and since there is no 
unified approach to corrective surgery in these severe 
forms, perhaps they should be combined into a single 
category. 

Fixsen and Lloyd-Roberts [2] point out that the dis- 
tance between the proximal femur and the acetabulum 
on early films is of less prognostic significance than the 
subsequent upward and outward migration of the femo- 
ral head in reference to the acetabulum. This latter 
finding implies impending dissolution of a pseudar- 
throsis and an unstable condition. However, we found 
that, depending on the degree of hip mobility, this 
distance can vary on radiographs obtained on the same 
day. Measurements may vary due to differences in pa- 
tient positioning and tube angulation. 

Amstutz [6] has shown that there is a constant growth 
ratio between the normal and abnormal femur. By the 
time the child is 2-3 years old and the femoral head has 
ossified, scanogram techniques can be used and limb 





segment lengths plotted against skeletal age. The degree 
of impairment at any subsequent age can then be pre- 
dicted by extrapolation. Serial measurements of corre- 
sponding leg lengths were made in only two of our 
patients. However, it was difficult to correct for errors in 
projected leg length due to contractures, surgical pro- 
cedures, or bowing. Therefore, prognostic conclusions 
could not be drawn. 

Analysis of our cases confirmed that if the femoral 
head is absent, the acetabulum is dysplastic. This is to 
be expected, since the femoral head and the acetabulum 
form embryologically by cleavage of a mass of pluripo- 
tential mesenchymal cells. Once formed, the subsequent 
normal development of each depends on the continual 
normal relationship of the femoral head in the acetabu- 
lum [8-13]. We found that if a normal acetabulum was 
identified, a femoral head was present and did eventually 
ossify. Of nine patients radiographed before age 1 year, 
the acetabulum on the affected side could be discerned 
in seven. Four of these seven hips were class A and three 
were Class B. Patients without a discernible acetabulum 
after age 1 year had class C and D deformities. 

Since much of the acetabulum is cartilaginous on early 


PROXIMAL FEMORAL FOCAL DEFICIENCY 293 








radiographs, the degree of acetabular development is 
difficult to assess. We and others [5, 14, 15] have found 
hip arthrography to be useful in determining the degree 
of acetabular maturation and the presence and size of 
an unossified femoral head. We have combined hip 
arthrography with cine to examine the movement of the 
femoral head and shaft and to determine if there was 
stable continuity between them. 

The high incidence (12/13 patients) of associated 
anomalies found in our patients confirms the findings of 
other authors. Franz and O’Rahilly [16] found that 6% of 
their patients had an absent fibula. Aitken [1] reported 
this association in 70% of his patients. Bevan-Thomas 
and Millar [17] found associated skeletal anomalies in 
57% of their 22 patients, with 41% having an absent 
fibula and 45% having defects in other limbs. Amstutz 


Fig. 6.—3-year-old, class A or B. Continuity 
between femoral head and shaft could not be 
established on plain films. B and C, Arthrogra- 
phy demonstrates femoral head to better ad- 
vantage and shows no continuity with femoral 
shaft. 


and Wilson [5] described nine patients, all with other 
skeletal abnormalities; he also noted delayed cssification 
of the iscriopubic synchondrosis on the affected side. 

Although Morgan and Somerville [14] note that 18% of 
the child-en in their series were breech deliveries, we 
find little n our series or in the work of others to suggest 
prenatal -actors that might have contributed to the de- 
velopment of the condition. Review of radiographs ob- 
tained on one patient’s maternal great-aunt show that 
she had croximal femoral focal deficiency with absence 
of the ips lateral fibula, a deformed foot, and syndactyly 
of the left hand. The patient's cousin also had a 
shortenec lower extremity. This is the first case we have 
been able to find where more than one family member 
had the cendition. 

Treatment should correct hip instability and compen- 
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Fig. 7.—Class D. Femur is markedly shortened and fibula is absent. 
There is anterior bowing of tibia and calcaneovalgus deformity of foot. 





Fig. 9.—Infantile idiopathic coxa vara. Subtrochanteric portion 
of involved right femur is normal. 


Fig. 8.—Great-aunt of patient 
shown in fig. 6. Typical findings of 
proximal femoral focal deficiency 
with absent fibula and hand anoma- 
lies. 
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sate for leg length discrepancy [18]. With minimal differ- 
ence in length and a stable hip, a heel lift may be all that 
is required. Most of our patients with stable hips had a 
Syme’s disarticulation of the foot and were then fitted 
with a prosthesis. Varus deformities were corrected with 
osteotomies. Procedures aimed at creating hip stability, 
such as fusion of the femoral segment to the dysplastic 
acetabulum, met with varying degrees of success, none 
entirely satisfactory. A case can be made for the con- 
servative management of class C and D deformities. 
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Routine Oblique Radiography of the Pediatric Lumbar Spine: Is It 
Necessary? 


FRED F. ROBERTS,':* PULLA R. S. KISHORE," * AND MARY E. CUNNINGHAM" 4 


A series of 86 pediatric lumbar spine abnormalities was 
evaluated to determine the diagnostic benefit of radiography 
in oblique projection as compared to frontal-lateral projections 
alone. In only four patients was an abnormality apparent on 
the oblique view which had not already been demonstrated by 
the frontal-lateral series; each of these represented an iso- 
lated spondylolysis. Because the diagnostic yield was low at 
a patient cost of more than double the gonadal radiation dose, 
it is recommended that oblique views be eliminated in the 
routine radiography of the pediatric lumbar spine. 


Radiologic examination of the lumbar spine represents a 
small percentage of the work in most radiology depart- 
ments. However, estimates of the genetically significant 
dose of this examination range from 18% to 40%, as high 
as any study in radiology [1, 2]. In most general hospitals 
the routine radiographic evaluation of both the adult and 
pediatric patient with low back difficulty includes frontal, 
lateral, and both oblique projections with an occasional 
L5-S1 spot film. Since each radiation exposure contrib- 
utes significantly to the gonadal dose (table 1), it would 
be desirable, especially in the pediatric patient, to reduce 
the number of routine films obtained in this examination 
if there were no significant loss of diagnostic informa- 
tion. This study was undertaken to evaluate the diagnos- 
tic contribution of oblique films of the lumbar spine to 
the information obtainable from frontal and lateral films. 


Subjects and Methods 


Complete lumbar spine series (anteroposterior, lateral, both 
obliques, and L5-S1 spot film) obtained on all patients under 
the age of 18 years from July 1974 to December 1975 at the 
University of Kansas Medical Center were reviewed. To these 86 
cases, 39 examinations from Children’s Mercy Hospital were 
added to provide additional data for a total of 125 patients. The 
films were studied in a double-blind manner by two of us (F. F. 
Roberts and P. R. S. Kishore). The anteroposterior and lateral 
films were evaluated independently at one sitting, followed by 
similar evaluation of the oblique films. At the end of the 
interpretation part of the study, a joint review was made to 
reach a common radiographic diagnosis in those few cases 
where a difference existed. Then comparison was made be- 
tween the findings on the frontal-lateral series and the oblique 
films. 


Results 


In this series, 86 abnormal findings were detected in 
77 patients. The diagnoses are shown in table 2. Of the 
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86 abnormalities 43 (50%) were detected on the antero- 
posterior and lateral films but not on the oblique films; 
39 (45% were detected on both the frontal-lateral exam- 
inatt@n and the oblique study. In only four cases (5%) 
was a diagnosis made on the oblique study that Fad not 
prevwinusly been detected on the combined frontal and 
lateral =xamination; in all four cases unilateral soondy- 
lolysis was identified without associated changes of 
spondy|olisthesis. 


Discussion 


At present, there is considerable interest in the amount 
of radiation exposure that our population is receiv ng. Of 
partmeular concern is the risk to younger members of our 
society Overuse of radiologic studies, as well as in- 
creased health care costs, has received widespread 
attention in both medical and lay press [5-7 . Since the 
genetically significant dose is high in lumbar spine 
examinations, it becomes worthwhile to determine 
whether” reduction in the number of films for “routine” 
study could be accomplished without loss of significant 
information. 

Aitheugh no attempt was made to analyze the radio- 
grapric abnormalities relative to the chief complaint, it 
is noteworthy that 48 of the 86 patients examined at the 
University of Kansas Medial Center had lumbar spine 
abnormalities. This high percentage of abnormal studies 
reflects both the active interest at this institution in such 
structural problems as scoliosis and congenital abnor- 
mal ties, as well as the ease with which these entities can 
be suspected on an adequate physical examination. 

The observation of greatest interest was the relative 
contrbution of the oblique films as compared to the 
anteroposterior and lateral films. In only four cases in 
this series was a diagnosis made on an oblique film that 
had not previously been established by the anteroposte- 
rior and/or lateral films together. The diagnosis in all 
four af these cases was unilateral spondylolysis without 
evidence of spondylolisthesis. (It was not the purpose of 
this stucy to evaluate the clinical significance of spon- 
dylolysis, but many authors feel that no therapy is re- 
quired unless there is subsequent developmen: of a 
signif cant spondylolisthesis [I18-11]). Therefore, while 
the oblique films in this series increased our diagnostic 
accuracy by 5%, the findings are of doubtful clinical 
Significance. 
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TABLE 1 
Gonadal Dose from Lumbar Spine Studies 











Antero- 























k Lateral Oblique 
Technique AE (mrad) (mrad) 
Adult technique (100-120 kVp) [3]*: 
fa ee eer re TEET 15 10 20 
| EEE PEE E E EA SF 70 62 94 
Pediatric technique (70-75 kVp)t: 
Age 10: 
o EENE PLET EE E ENE 5 1 6 
NN SEAE E E A T 214 52 270 
Age 4: 
L L. EEE E EE T T 3 1 4 
POR FETERE ES P EEEE 114 28 145 
* Dose obtained internally from adult phantom. 
t Doses estimated using data from [4]. 
TABLE 2 
Classification of Abnormalities 
Diagnosis Rusia 
COONS so oisk E kee 19 
Schmorl’s nodes.............. 17 
Spondylolisthesis ............ 10 
Spondylosis (isolated) ......... 6 
Congenital defect............. 21 
r e Ui PRENE EE ctes ona 10 
i e ETE TT EEST EE TT 3 
TO enian 86 








There is no question that the intervertebral foramina, 
the pars interarticularis, and the apophyseal joints are 
seen well only in the oblique projection [12]. However, 
incidence of abnormalities in these areas is very low in 
the pediatric patient. 

Since the diagnosis of uncomplicated spondylolysis is 
of questionable clinical significance and there were no 
other lesions detected on the oblique films in this study, 


there remains very little indication for the continued use 
of oblique films for routine evaluation of the pediatric 
lumbar spine. At the very least, the anteroposterior and 
lateral films should be reviewed with adequate clinical 
information before obtaining the oblique views. 
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Remote Effects of Neuroblastoma 


JAMES W. KEATING"? AND LAURENCE D. CROMWELL! 


Neuroblastoma, which is primarily an extracranial disease, 
has remote manifestations which can be confusing. Neuro- 
logic signs and symptoms such as opsoclonus (dancing eyes), 
ataxia, blindness, and cord paralysis may precede by several 
months the manifestations of the primary tumor in a distant 
site such as the abdomen. Descriptions of nine cases demon- 
strate the various modes of presentation and some of the 
unusual aspects of this disease. The recent advent of com- 
puted tomography requires a reevaluation of the neuroradio- 
logic approach to the evaluation of neuroblastoma. 


Neuroblastoma is the most common solid neoplasm in 
children [1, 2]. There are several intracranial manifesta- 
tions of this primarily extracranial disease that may be 
confusing. Remote neurologic signs and symptoms such 
as opsoclonus (dancing eyes), ataxia, blindness, or cord 
paralysis may precede by several months any indication 
of the primary tumor at a distant site such as the 
abdomen [3]. The following case material demonstrates 
the various modes of presentation of this tumor and may 
offer further insight into the more unusual aspects of this 
disease. The recent advent of computed tomography 
(CT) requires a reevaluation of the radiologic approach 
to the diagnosis of neuroblastoma. 


Case Reports 
Case 1 


C. P., a 5-year-old girl, had lumps of the scalp, decreased 
appetite, exercise intolerance, anemia, and bilateral papille- 
dema. Skull films demonstrated widening of the sutures and a 
lesion with a “hair on end” reaction of the parietal bone (figs. 
1A and 18). Arteriography demonstrated displacement of the 
superior sagittal sinus from the inner table (fig. 1C). A biopsy of 
this lesion was positive for metastatic neuroblastoma. The 
patient later developed bilateral periorbital ecchymosis and 
scleral hemorrhages suggesting bilateral retroorbital tumor. 
The primary tumor was never found. The child later developed 
metastases to the spine and left femur (fig. 1D). 


Case 2 


K. B., a 5-year-old boy, had weakness, papilledema, and 
increased intracranial pressure. A skull film showed multiple 
lucent defects (fig. 2A). Excretory urography demonstrated a 
large calcified right suprarenal mass (fig. 2B). Surgery revealed 
a neuroblastoma. 


Case 3 


D. M., a 4-year-old boy, had a 6 day history of a left proptosis. 
He had difficulty walking, a stiff neck, decreased appetite, and 
lethargy. An abdominal film demonstrated calcification in the 
left adrenal gland. Excretory urography showed a displaced left 
renal collecting system. The diagnosis of metastatic ganglio- 
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neurcblastoma was made at surgery. Skull films showed erosion 
of the left greater sphenoid wing (fig. 3). 


Case 4 


J. 3., an 18-month-old girl, had ataxia and nystagmus for 2 
weeks. Her parents described a ‘‘waddling gait” and frequent 
falling. Excretory urography showed a calcified mass in the left 
flank: bet no displacement of the kidney. Abdominal exploration 
confirmed the diagnosis of ganglioneuroblastoma of the left 
adremal gland. The patient had gradual improvement of her 
ataxia and nystagmus. However, cerebellar ataxia recurred after 
2 months. 


Case & 


R.s., a 2-year-old boy, had left exophthalmus, eft proptosis, 
soft # sue swelling lateral to the left orbit, and a left abdominal 
mass. Skull films showed destruction of the left soheneid wing 
and ft orbital enlargement. Excretory urography showed a 
nonfanctioning left kidney and a left adrenal mass. A bone 
marrow biopsy was positive for neuroblastoma. 


Case € 


T. M., a 2-year-old girl, had anemia, right periorbital ecchy- 
mosis. and a swollen area in the right frontal scalp. Her right 
eye bulged with bleeding in the corner of the eye. Skull films 
disclosed orbital erosion, widening of the sutures and a frontal 
bone striated reaction (fig. 4). Excretory urography showed a 
calciied mass along the right paravertebral area and a dis- 
placed right ureter. A liver scan showed hepatic enlargement. 
The sene marrow biopsy showed neuroblastoma. The patient 
died 5 months later, and autopsy demonstrated metastases to 
the regional lymph nodes, pancreas, liver, spine, ribs, and skin. 
The trental bone was widened with tumor. There was a metas- 
tasis te the cerebellar cortex in one area. The patient had no 
nystagmus or ataxia to suggest opsoclonus. 


Case 7 


C. Y., a 4-year-old girl, had a left-side limp and a history of a 
decreased appetite and weight loss. There were palpable lymph 
nodes amass on the vertex, and a mass in the area of the right 
adresa gland. She died shortly thereafter, and autopsy demon- 
stratec a neuroblastoma of the right adrenal gland that had 
invaced the inferior vena Cava. 


Case-& 


R. F., a 3-year-old girl, had anorexia, nausea, and vomiting 
for 3 months. A palpable left upper quadrant mass was demon- 
Sstratec on excretory urography. A noncalcified lesion of the 
uppe pole of the left kidney was also shown. Neuroblastoma 
was ound at surgery. The patient subsequently developed a 
scalp ‘esion. Autopsy 3 months later confirmed metastases to 
the sxwil, ribs, and liver. 
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Fig. 1.—Case 1. A, Anteroposterior view of skull demonstrating widely separated sagittal (open arrow) and lambdoidal (closed arrows) sutures. B, 
Lateral view of skull demonstrating prominent spreading of coronal sutures (open arrow) and hair-on-end reaction of parietal bone (closed arrow). C, 
Lateral view of selective internal carotid angiogram, venous phase, demonstrating displacement of superior sagittal sinus from inner table (arrow). D, 


Anteroposterior view of femurs demonstrating periosteal reaction of diaphysis of left side (arrow). 


Case 9 


C. S., a 2-year-old girl, had a staggering gait and irritability. 
Her facial muscles drooped and she pulled at her right ear, 
suggesting a right otitis media. Skull films showed widened 
sutures and erosion of the right lateral petrous bone (fig. 5A). 
CT study showed associated low density regions in adjacent 
brain with a large area of peripheral enhancement (fig. 5B). 
Surgery disclosed entirely extradural metastatic neuroblastoma. 


Discussion 


The remote effects of neuroblastoma are often caused 
by metastasis to the skull. The typical pattern of metas- 
tatis, first observed by Hutchinson in 1907 [4], is a strong 
preference for the skull bones and bony orbit. This 
occurs in about 25% of the cases [5]. The tumor is 
believed to extend from bone to the dura (case 9) and 
even occasionally through the dura to the brain. Cells 
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Fig. 2.— Case 2. A, Lateral view of skull showing multiple lucent defects representing bony metastases. B, Anteroposterior view of abdomen 
demonstrating calcified mass in right adrenal gland (arrows). Right kidney is displacedinferiorly. 
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Fig. 3.— Case 3. Anteroposterior view of skull demonstrating destruc- 
tion of greater wing of sphenoid bone on left (arrows). 





can infiltrate the meninges and venous sinuses, although 
they are not usually found in the cerebrospinal fluid [6]. 
Tumor often extends to the scalp with palpable nodules 
(cases 7 and 8). Metastasis to the brain is very uncom- 
mon (case 6) [7]. There are only a few reports of primary 
neuroblastoma of the brain [8]. 











Fig. «.—Case 6. Lateral view of skull demonstrating hair-on-end 
reaction of frontal bone (closed arrows) and widened coronal suture 
(open amows). 


The radiographic manifestations of intracranial neuro- 
blastoma reflect the bone changes in the skull. Bone is 
thickened (case 6), sometimes with a spiculated hair-on- 
end (sunburst) reaction (figs. 1B and 4). Differential 
diagnosis of a sunburst periosteal reaction of the skull 
also includes hemolytic anemia, meningioma, osteosar- 
coma, and hemangioma [9]. Metastasis may extend to 
the dura, and. if large enough, can cause considerable 
compression of the brain substance (fig. 5B) [19]. Arteri- 
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ography can demonstrate an epidural defect (fig. 1C) 
near the lesion or abnormal increased vascularity. Su- 
tures widen dramatically (figs. 1A, 1B, and 4) and the 
head enlarges, although many cases show no sign of 
increased intracranial pressure as manifested by papil- 
ledema or as measured at the time of lumbar puncture 
[10]. The skull may show numerous lucent defects (fig. 
2A). There can be increased intracranial pressure with 
some of the other manifestations besides suture spread, 
such as sellar deformity and enlarged ventricles on the 
CT scan [11]. 

The most common clinical presentation is the result of 
metastasis to the bony orbit and extension into the 
retroorbital soft tissue. The most common clinical signs 
are ecchymosis and exophthalmus. However, the blood- 
borne metastases do not seem to implant in the retina. 
Blindness may be the product of either increased intra- 
Cranial pressure or transverse ischemic optic nerve ne- 
crosis. Primary neuroblastoma rarely originates in the 


orbit or olfactory area [7]. Plain film findings reflecting ' 


this process include enlargement of the orbits and loss 
of definition of the greater wing of the sphenoid bone 
(fig. 3). The tumor can cause gross destruction of bone 
and obliteration of the sinuses [11]. In addition, CT may 
be used to evaluate the presence of metastasis in the 
orbit. A normal CT scan in the presence of eye signs 
should alert the radiologist to the possibility of a remote 
primary tumor in the neck. Ptosis, for example, can be 
part of a Horner’s syndrome caused by a block in the 
cervical sympathetic chain. 

Another remote effect of neuroblastoma is its associa- 
tion with acute cerebellar encephalopathy (or myoclonic 
encephalopathy, case 4), which includes ataxia and 





Fig. 5.—Case 9. A, Towne view of skull 
demonstrating spreading of sutures and ero- 
sion of right petrous ridge (arrow). B, CT scan 
showing enhancing mass lesion in right parie- 
tooccipital region. Surgical pathologic correla- 
tion revealed extradural metastatic neuroblas- 
toma with necrotic centrum. 


opsoclonus. Acute cerebellar encephalopathy is not the 
product of metastasis, but the result of unknown mediat- 
ing factors [12]. It is of interest that 50% of the pediatric 
patients with “dancing eyes” have neuroblastoma [13- 
15]. Opsoclonus is a self-limited problem, and after 
removal of the primary tumor, most patients improve 
slowly [16]. Other etiologies include multiple sclerosis 
and Friedreich’s ataxia [7]. The one patient in our series 
who had the rare metastasis to the cerebellum had no 
sign of acute cerebellar encephalopathy (case 5). A full 
workup of this isolated finding for occult neuroblastoma 
is therefore justified. Radiographically, this includes a 
chest film, excretory urography, skeletal survey or bone 
scan, and CT. Since a CT scan may miss a cerebellar 
lesion, a negative examination in the workup of acute 
cerebellar encephalopathy could be followed by pneu- 
moencephalography and/or angiography. 

The classical radiographic finding of the adrenal neu- 
roblastoma is a calcified mass causing displacement of 
the ipsilateral kidney (fig. 2B). There may be metastasis 
to the paravertebral sympathetic chain with deviation of 
the ureter [17]. 

Paravertebral masses may involve the spinal canal, 
sometimes presenting plain film findings such as rib 
erosion and pedicle abnormality. Kirks et al. [18] recom- 
mend myelography as a routine part of the preoperative 
workup of paravertebral masses in infants and children, 
because plain film findings may be lacking in one-fourth 
of cases with spinal canal extension. A neuroblastoma 
may extend into the canal and traverse to a distant site, 
possibly producing a block, with no plain film changes. 
Myelography usually shows an extradural defect. An 
intradural lesion is rare [18]. 
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The central nervous system manifestations of meta- 
static neuroblastoma are multiple. They can precede 
direct evidence of the primary tumor, such as an abnor- 
mal mass, by weeks to months. The presenting signs 
may mask the true nature of the problem. Ear infections, 
Horner's syndrome, opsoclonus, anemia, periorbital ec- 
chymosis, or a regression of bowel habits are not ob- 
vious signs of an adrenal tumor. A thorough workup for 
laboratory and radiographic evidence of an occult pri- 
mary tumor is often rewarding. Awareness of the confus- 
ing presentation of this disease is important for early 
diagnosis, although much of the nature and behavior of 
neuroblastoma remains an enigma. 
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Hysterographic Double-outlined Jterine Cavity: A Sign 
of Unsuspected Pregnancy 


IVAN ISAACS’ 


A review of three hysterograms inadvertently performed 
during early pregnancy reaffirms the regular appearance of 
infiltration of aqueous opaque media into the substance of the 
decidua, producing the sign of the double-outlined uterine 
cavity. Although such endometrial opacification may also 
occur during the late secretory phase, its recognition should 
arouse suspicion of pregnancy. A coexisting intrauterine fill- 
ing defect may then be more confidently diagnosed as an 
amniotic sac. 


When hysterography is inadvertently performed during 
early pregnancy, recognition of the sign of the double- 
outlined uterine cavity may contribute to the correct 
diagnosis. Aqueous contrast medium entering the gravid 
uterus commonly infiltrates the decidual lining, produc- 
ing the double-contoured image. Slezak and Tillinger 
described decidual opacification in 1968 [1] and pro- 
posed the term double-outlined uterine cavity. 

A 20 year experience with office practice hystero- 
salpinography, encompassing more than 1,500 cases, 
included three instances in which the examination was 
inadvertently performed during pregnancy. Gynecolo- 
gists had referred these patients for hysterosalpingogra- 
phy because of infertility in one case and habitual abor- 
tion in two cases. The contrast medium employed in 
each case was Salpix, an aqueous solution of sodium 
acetrizoate with enhanced viscosity. The three cases 
reported here confirm the double-outline sign as a con- 
sistent feature of the hysterogram during early preg- 
nancy. 


Case Reports 
Case 1 


Hysterography was performed on a 24-year-old nullipara 1 
week after referral for suspected endometriosis. Under the 
circumstances, inquiry as to onset of last menstrual period was 
omitted, but subsequently found to be 38 days prior to hyster- 
ography. The hysterogram (fig. 1) demonstrated a double-out- 
lined uterine cavity due to opacification of the decidua, and a 
small left cornual filling defect representing the amniotic sac. 
Pregnancy was confirmed on pelvic reexamination 2 weeks 
later. A mature 2.92 kg girl was delivered 240 days after 
hysterography. The child was considered normal at age 4 years. 


Case 2 


Hysterography was performed on a 22-year-old woman for 
study of suspected incompetent cervical canal. History included 
two previous miscarriages and recent delivery of a small pre- 
mature infant which did not survive. Pregnancy was diagnosed 
from the hysterographic appearance of an intrauterine amniotic 
sac 3 cm in diameter. The double outline of the decidua was 
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clearly s3en (fig. 2). Subsequent review established that the 
hysterag -aphy had been performed 59 days after the last men- 
strual pe-icd. Following a cerclage procedure for incompetent 
cervix, 2 ncrmal 2.72 kg female was delivered vaginally 207 days 
afterh=s-erography. The child is well at age 9 years. 


Case ? 


Six .portaneous abortions, usually at 4 months, were re- 
ported b this 31-year-old para 2. Although she had a positive 
pregnancy test after a missed menstrual period, she was be- 
lieved o have aborted again with the appearance of vaginal 
bleed rg Hysterography, requested to seek a possible ana- 
tomic basis for habitual abortion, correctly indicated an amni- 
otic sac consistent with a 2-month pregnancy lying within a 
“doube-dutlined” uterine cavity (fig. 3). Retrospective analysis 
of the aistcry established an 81 day interval between the onset 
of th> last real menstrual period and hysterography. Two 
month ater the patient spontaneously aborted a 4-5 month 
fetus, eo 1s stent with the usual duration of her previous aborted 


pregrencies. 


Discussion 


The n»sterograms on all of the three pregnant patients 
clear y demonstrate the double outline of the uterine 
cavity produced by infiltration of the Salpix into the 
decicLa Although these examinations were performed 
prior ~ the original description of the double-outline 
phen >mnenon by Slezak and Tillinger [1], it can be spec- 
ulated Fow recognition of this sign might have influ- 
enced the radiographic diagnosis. In the 3 week preg- 
nancy (case 1), appreciation of the double-outline sign 





Fie. 1.—Case 1. Gravid uterus, 38 days after last menstrual 
pero. Correct diagnosis of small amniotic sac at left cornu is 
sugj-sec by opacification within decidua, producing double 
outre arrows). 
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Fig. 2.—Case 2. Gravid uterus, 59 days after last menstrual 
period. Note amniotic sac and double-outlined uterine cavity 
(arrows). 


suggests the correct diagnosis at a stage where the small 
filling defect due to the amniotic sac can hardly be 
distinguished as such. In the 6 week and 9 week preg- 
nancies, imaging of the larger amniotic sacs is more 
obvious, but recognition of the double-outline sign of 
decidual opacification aids in differentiation from path- 
ologic intrauterine masses. 

In 1973, Slezak [2] reemphasized that the double 
Outline was only identified in association with the de- 
cidua of pregnancy or the late secretory phase of the 
endometrium, never co-existing with the proliferative 
phase. He concluded that the increased glandularity and 
altered vascularity of the thickened late secretory phase 
endometrium (pseudodecidua) and the further develop- 
ment into the decidua of pregnancy progressively predis- 
posed to infiltration by the opaque medium. This may 
imply actual tissue absorption of the medium, rather 
than simply its entry into enlarged glands, possibly 
accounting for absence of the phenomenon when oily 
media are employed. Slezak’s data on a large series of 
hysterograms performed at random phases of the cycle 
indicate that very late secretory endometrium is fre- 
quently infiltrated by aqueous opaque media to produce 
the double outline. As the late secretory pseudodecidua 
develops further into the decidua of pregnancy, the 
opacification should occur more consistently. Because 
my office hysterography is routinely scheduled during 
the immediate postmenstrual days, the preferred time 
for study of infertility problems, | have never encountered 
the double-outline sign in association with the late secre- 
tory endometrium. 





Fig. 3.—Case 3. Gravid uterus, 81 days after last menstrual 
period. Double-outlined uterine cavity (arrows) is largely occupied 
by amniotic sac. 


In the cases presented, the opacification of the de- 
cidua tends to further confirm that the double outline 
should be regarded as an expected sign rather than an 
occasional finding in the pregnant uterus. The practical 
diagnostic value of these observations seems to have 
escaped general recognition. The paucity of reports on 
this diagnostic sign of unsuspected pregnancy may per- 
haps reflect a reticence to publish such hysterographic 
misadventures. However, Kendall-Smith [3] recently em- 
phasized the value of observing associated opacification 
of the decidua in distinguishing the appearance of an 
amniotic sac from other intrauterine polypoid filling 
defects on hysterography. 

The error of performing hysterography during unsus- 
pected early pregnancy may inevitably recur in a busy 
practice. Recognition of the double-outline sign may 
prompt the alert hysterographer to terminate the intro- 
duction of contrast medium and confidently (however 
unhappily) interpret the radiographs. 
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Incudostapedial Joint in Health and Disease 


RODNEY MATSUBARA,’ HORST KONRAD ? AND WILLIAM N. HANAFEE' 


The incudostapedial joint was studied in tomograms of 370 
normal and 80 diseased middle ears. The Guillen view was 
found to be superior to the anteroposterior view in demon- 
strating this joint in normal middle ears (85% and 62% visuali- 
zation, respectively). In the presence of disease, visualization 
was markedly reduced to 19%; this lack of visualization is a 
nonspecific finding since early cholesteatomas, chronic otitis 
media, and retraction pockets could not be differentiated 
radiologically. Nonvisualization of the incudostapedial joint in 
the Guillen view is a more objective indicator of middle ear 
disease than such terms as “indistinct or hazy” middle ear 
cavities. 


The purpose of our study was twofold. First, to determine 
how frequently the incudostapedial joint could be dem- 
onstrated in the anteroposterior and Guillen projections 
in the normal patient. Second, to note whether the 
frequency of visualization is significantly altered by the 
presence of middle ear disease. 

The malleus, incus, and stapes comprise the auditory 
ossicles. Their major support is provided by the firm 
attachment of the malleus to the tympanic membrane 
and by the fixation of the stapes to the oval window. 
Additional support is provided by several ligamentous 
and tendinous attachments which extend from the walls 
of the tympanie cavity. The incudomalleolar and incu- 
dostapedial articulations are diarthrodial joints which 
bind the ossicles together [1, 2]. The incus long process 
and its medial tip, the lenticular process, form the larger 
and lateral arm of the V-shaped incudostapedial joint 
(fig. 1). The stapes head and crura form the shorter 
medial arm which slopes slightly upward as it courses 
toward the oval window. The vertical plane of the incu- 
dostapedial joint is perpendicular to the medial wall of 
the tympanic cavity. As the tympanic cavity extends from 
anterior to posterior, its medial wall courses slightly 
laterally at a 15°-20° angle to the sagittal plane of the 
skull [3]. Therefore, the plane of the incudostapedial 
joint is inclined 15°-20° anterior to the coronal plane of 
the skull. 

The thin tympanic mucous membrane not only lines 
the entire tympanic cavity but also completely invests the 
ossicles, ligaments, nerves, and both the tensor tympani 
and stapedius tendons [1, 4, 5]. It also forms several 
vascular folds and pouches extending from the tympanic 
walls to the ossicles. One of these, the stapedial fold, 
completely surrounds the stapes. The mucosa also forms 
septa which enter the malleus and incus at various 
points, thereby providing the major intraosseous blood 
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supply. The major supplying vessels course along the 
stapedius tendon and pass in both directions after reach- 
ing the head of the stapes. The tomographic anatomy of 
the temporal bone in several projections has been exten- 
sively demonstrated by Buckingham and Valvassori [6, 
7}. 


Subjects and Methods 


Fron May 1976 through July 1977, temporal bone tomograms 
were reviewed by two radiologists. A mutually agreeable deci- 
sion was reached whether the incudostapedial joint was well 
seen, fairly well seen, poorly seen, or not seen. It was consid- 
ered not visualized only when the distinctive V-shaped joint was 
not recognized at all, regardless of whether the tympanic cavity 
density was normal or increased. These impressions were 
recorcec prior to reviewing the patients’ clinical findings with a 
staff otolaryngologist. In addition, the charts were reviewed 
with particular attention directed to the otoscopic and audi- 
ographic findings. Surgical findings were correlated when avail- 
able. Each ear was considered a separate study. 

Patients were considered to have normal middle ear cavities 
on the tasis of their referring symptoms or if there was no 
evidence of middle ear disease upon clinical correlation. Evalu- 
ations for acoustic neuromas, vestibular dysfunction, otoscle- 
rosis, Bell's palsy, and central nervous system disorders consti- 
tuted the bu k of this group. 

Patients considered as having diseased middie ears had 
abnorma! physical findings and audiograms. Most of these 
patients had cholesteatomas, retraction pockets, and chronic 
otitis mecia with or without perforation. The presence of choles- 
teatoma “ormation was usually apparent clinically, especially 
with the occasional use of the operating microscope. Ears 
having previous radical mastoidectomy or any surgical proce- 
dure im/oiving the ossicles were excluded. A total of 370 normal 
and 80 diseased middle ears form the basis for this report. 

In the anteroposterior projection each ear was radiographed 
Separately rather than simultaneously. The Guillen projections 
were taken with the head rotated 15° toward the side of interest 
(fig. 2) Lateral views were not evaluated in this study. All 
studies were performed with a Philips-Massiot Polytome or CGR 
Stratoratic tomographic device with a hypocycloidal or trispiral 
movement. The factors were about 55-70 kV, 240 mAs at 6 sec, 
and focal spot of 0.3 mm resulting in sections about 1.0 mm 
thick. Sections were taken at 1.0 mm intervals. Dupont Hi Plus 
intensifying screens and Dupont Cronex 6 film were used. No 
grids of any type were used. 


Results 


The trequency of visualization of the incudostapedial 
joint in normal middle ears in the Guillen and anteropos- 
terior projections were 85% and 62%, respectively (table 
1). Overall v sualization of the joint in middle ear pathol- 
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Fig. 2.— Vertical plane of incudostapedial joint and its orientation to x- 
ray beam. In anteroposterior projection (A) plane of joint lies oblique to 
beam. In Guillen projection (B) plane of joint lies perpendicular to beam, 
optimizing radiologic demonstration of incus long process and stapes 
superstructure in same tomographic cut. 


ogy was 19%. Only the results of the Guillen projection 
were included, since only five studies were performed in 
the anteroposterior projection. At this institution tomo- 
grams are usually taken in the Guillen projection if 
middle ear disease is clinically suspected. 

The incudostapedial joint was not visualized in any of 
the 18 cases of cholesteatoma. In three of the 18 cases 
the only indications of disease tomographically were 
nonvisualization of the incudostapedial joint and in- 
creased density of the tympanic cavity (fig. 3). In the 
other 15 cases osseous erosions and/or ossicular dis- 
placement were evident tomographically. Surgical con- 
firmation was obtained in 10 of the 18 cases, including 
the three who showed only minimal radiologic abnor- 
malities. The remainder were confirmed by examination 
with an operating microscope. Although the extent of 
disease could not be correlated in the nonsurgical cases, 
the frequency of visualization of the incudostapedial 
joint could still be assessed. 

The incudostapedial joint was not visualized in any of 
the six studies of retraction pockets. Surgical correlation 
in one of the six cases revealed an attic retraction pocket 
with surrounding inflammatory tissue and erosion of the 
incus and stapes (fig. 4). Clinical evaluation of the other 
five cases revealed no evidence of cholesteatoma for- 
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Fig. 1.—Normal incudostapedial joint, 
Guillen view. Characteristic V-shaped 
configuration is formed by long process 
of incus (arrowhead) and stapes super- 
structure (arrow). 
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TABLE 1 


Findings Using Pluridirectional Tomography to Visualize 
Incudostapedial Joint 








Joints Visualized 


No. Ears 
Studied No o% 
Normal middle ears: 
Guillen projection............. 167 142 85 
Anteroposterior projection .... 203 125 62 
Diseased middle ears:* 
Cholóstoatoma siaacrinsnipay 18 0 0 
Retraction pockets............ 6 0 0 
CT NR pois cdanca teased 31 8 26 
COE oore ma ER 6 25 7 28 
Total diseased ears ........ 80 15 19 


All Guillen projection. 


mation. In one of these cases a tympanoplasty had been 
performed 1 year earlier for a cholesteatoma. The others 
had no prior surgery. 

Patients with chronic otitis media included cases of 
chronic exudative, suppurative, and adhesive otitis me- 
dia. The incudostapedial joint was visualized in eight of 
the 31 cases (26%). In three of those eight cases, the 
tomograms were taken during a quiescent phase of their 
disease. In these latter cases clinical examination 
showed merely tympanic membrane scarring. 


Discussion 


The incudostapedial joint has received little recogni- 
tion as a valuable indicator in the tomographic evalua- 
tion of middle ear disease. Osseous erosions and ossic- 
ular displacements in advanced cholesteatomas have 
been extensively described [8, 9, 10]. However, visuali- 
zation of the incudostapedial joint has not been specifi- 
cally commented upon except by Vignaud et al. [11]. In 
addition to the lateral view, some use the anteroposterior 
view almost exclusively, which causes considerable su- 
perimposition of the stapes on the very dense otic 
capsule. Others use either the anteroposterior or semiax- 
ial views with the head rotated 20° toward the side under 
investigation. 

Using the Guillen projection, Vignaud et al. [11] re- 
ported 90% visualization of the incudostapedial joint in 
otosclerosis patients considered as having normal mid- 
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dle ear cavities. Visualization of this joint was felt to 
depend on the more difficult demonstration of the 
stapes (90%), whereas the incus process was visible in 
98% of the cases. Babin et al. [12] showed that the 
stapes in human temporal bone specimen was better 
demonstrated tomographically in the Guillen view com- 
pared to the anteroposterior and basilar views. 

The incudostapedial joint should theoretically lend 
itself to early alteration by disease processes for several 
anatomic reasons. First, its distinctive V-shaped config- 
uration is easily recognized. Second, its relatively central 
location in the tympanic cavity makes it vulnerable to 
involvement by disease extending from different sites of 
origin. Third, under normal conditions it is primarily 
surrounded by air. The suspensory ligaments of the 
ossicles and thin mucous folds do not produce signifi- 











Fig. 3.— Early cholesteatoma. Incudostapedial 
joint is not visualized due to erosions of incus long 
process and stapes superstructure Body of incus 
is seen (arrow). Tympanic cavity density is in- 
creased. Scutum is not eroded (arrowhead). 


Fig. 4.—Retraction pocket. Incus long process, 
stapes, and scutum (arrowhead) are eroded. Body of 
incus is seen (arrow). Tympanic cavity density is in- 
creased. 
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cant radiographic densities [13]. However, any fluid or 
inflammatory tissue surrounding the joint snould de- 
crease the air-bone contrast and render it less visible. 
Fourth the delicate lenticuloform process of the incus 
and the stapes superstructure may be more vulnerable 
to early erosion or obscuration compared to the larger 
malleus amd body of the incus. 

Advanced cholesteatomas are usually apparent clini- 
cally and are surgically treated without prior tomogra- 
phy. Characteristic radiologic abnormalities are also 
seen in acvanced cholesteatomas. However, early cho- 
lesteatama cannot be reliably differentiated tomographi- 
cally from chronic otitis media (fig. 5). Blurring or partial 
destruction of the ossicles may occur in both entities 
[14, 15] This is especially true when surroundirg inflam- 
mation >bliterates an otherwise well demarcated choles- 
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teatomatous sac [10]. This was the case in three of our 
18 cases of cholesteatoma. 

The incudostapedial joint was not visualized in any of 
the six cases of retraction pockets. Retraction pockets 
are localized medial retractions of the tympanic mem- 
brane as a result of a negative pressure in the tympanic 
cavity. The pars flaccida and thin posterior segment of 
the pars tensa are most commonly involved. Adhesions 
are an additional cause of localized retractions in pa- 
tients with prior middle ear surgery or chronic adhesive 
otitis media. Clinical differentiation between retraction 
pockets and a large expanded posterior marginal perfo- 
ration may be difficult. The long process of the incus and 
stapes superstructure may become invested with this 
retracted membrane, causing erosions of these struc- 
tures. Retraction pockets play a major role in the patho- 
genesis of cholesteatoma formation [16]. In postopera- 
tive patients Sheehy et al. [17] defined recurrent choles- 
teatomas as those forming from retraction pockets, in 
contrast to residual cholesteatoma. The radiologic ab- 
sence of the incudostapedial joint can serve as a warning 
to the clinician of the extent of the retraction pocket and 
its relation to early cholesteatoma formation. 

In chronic otitis media the incudostapedial joint was 
visualized in 26% of the cases. The absence of acute 
inflammation at the time of tomography may partially 
account for the visualization in some of these cases. 

In view of the above discussion, nonvisualization of 
the incudostapedial joint is a nonspecific disease indi- 
cator since early cholesteatomas, chronic otitis media, 
and retraction pockets cannot be differentiated radiolog- 
ically. Whether the nonvisualization is due to ossicular 
erosion, loss of the air-bone interface due to the sur- 
rounding inflammatory tissue, or both, is unclear. 
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Accuracy of Computed Tomography in Detecting Intraabdominal and 
Pelvic Adenopathy in Lymphoma 


JOSEPH K- T. LEE,” ROBERT J. STANLEY, STUART S. SAGEL, AND ROBERT G. LEVITT 


Computed tomography (CT) is a highly accurate method of 
detecting intraabdominal and pelvic nodal involvement in 
patients with lymphoma. The correlation between CT and 
lymphangiographic findings in this series of 80 surgically 
proven and nonproven cases was high (84%). CT is superior 
to lymphangiography in demonstrating abnormality in such 
areas as the high retrocrural or the mesenteric nodes where 
contrast material from bipedal lymphangiography does not 
reach. An abnormal CT scan eliminates the need for lymphan- 
giography, and normal CT scan at 2 cm intervals can exclude 
retroperitoneal adenopathy with high confidence. If details of 
internal nodal architecture are required, a lymphangiogram 
can also be performed. Lymphangiography is also indicated 
in patients where CT is equivocal either because of lack of fat 
or gross motion artefacts. 


Introduction 


Bipedal lymphangiography has been widely used in 
the evaluation of pelvic and retroperitoneal lymph nodes 
in lymphoma patients. Although this test is highly accu- 
rate in detecting macroscopic nodal abnormalities [1], it 
is technically tedious, time-consuming, and invasive. 
Although serious morbidity related to lymphangiography 
such as respiratory distress and reaction to contrast 
material is rare [2], patient discomfort is substantial. In 
addition, high paraaortic lymph nodes, nodes in the 
region of splenic hilum and porta hepatis, and mesen- 
teric nodes cannot be evaluated by this method. 

Since the initial application of computed tomography 
(CT) to body imaging in early 1975, noninvasive imaging 
of retroperitoneal and intraabdominal lymph nodes has 
been possible. The level of clarity achieved with the 
currently available CT equipment is unmatched by other 
noninvasive techniques. Recent investigations in a rela- 
tively small number of cases [3-6] have indicated the 
usefulness of CT in staging lymphoma. We report our 
experience in using CT for detecting intraabdominal and 
pelvic nodal involvement by lymphoma in a larger group 
of patients. The ability and accuracy of CT in detecting 
extranodal involvement (i.e., liver, spleen, and kidneys) 
are not analyzed in this paper. 


Materials and Methods 


All CT examinations were performed on either a prototype 
EMI CT-5000 or an EMI CT-5005 body scanner with a total 
scanning time of 18 sec per scan. Section thickness was 13 mm. 
Scans from the diaphragm to the pelvis were performed at 2 cm 
intervals with the exception of a few early cases where 4 cm 
intervals were used. Oral and intravenous contrast media were 
used in cases in which there was uncertainty about the nature 
of soft tissue densities in precontrast scans. 
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CATBOD, a computer-assisted data retrieval system, was 
usec |7]. The series included 80 patients divided into three 
groups for purposes of analysis. The first group consisted of 31 
patients who had CT and exploratory laparotomy/autopsy. Of 
these, 13 hac a concurrent lymphangiogram as part of the 
staging procedure. The second group included 37 patients who 
had CT and lymphangiography but no histologic confirmation. 
The fimal group of 12 patients had CT alone, but substantial 
clinical follow-up (to 18 months). In a subgroup of 50 patients 
who had both CT and lymphangiography, CT was performed 
first in 40 cases. 

The original lymphangiographic and CT interpretations were 
compared for this analysis, with the CT diagnosis in most cases 
being made without knowledge of the other test result. In an 
attempi to eliminate gross observer error, all scans and lym- 
phangiograms were reviewed; changes in interpretation were 
made im less than 5%. For final data analysis, the interpretation 
on review was used. Diagnostic accuracy of CT is computed 
using only data from patients with surgical confirmation. In only 
one of the confirmed cases was a retrospective interpretation 
used. 

Of the 80 patients, 24 had Hodgkin's lymphoma and 56 had 
non-Hodgkin's lymphoma. The 45 males and 35 females ranged 
in age from 16 to 90 years. 


Results 
Histologic Confirmation 


Histalogic confirmation of CT findings was available in 
31 patients. Of these, 24 had a staging laparotomy within 
2 weeks of the CT scan. Six additional patients had 
autopsy within 4 weeks of the CT examination. In one 
patient autopsy was performed 5 months after the CT 
study, but this patient had no interval treatment for the 
disease. 

In this group, CT was correct in nine normal and 19 
abnormal cases. CT was incorrect in three cases which 
were called normal but proven to be abnormal. The true 
positive rate for CT is therefore 86%, with a true nega- 
tive rate of 100%. The overall accuracy is 90%. 

Of the three false negative cases, two had diffuse 
mesenteric and omental involvement by lymphcma. The 
entire mesentery was studded with lymphomatous de- 
posits, but no single large mass was found. The third 
patient was found to have abnormal parapancreatic and 
splenic hilar lymph nodes at surgery. Retrospective re- 
view of the CT studies in this patient revealed that these 
areas of involvement were not scanned. We believe that 
if appropriate scans had been taken initially, the adenop- 
athy would have been detected. 

Of these patients, 13 had a concurrent lymphangio- 
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gram as part of the staging procedure; findings agree 
with CT results and were correct in 11 cases. In one case 
a patient was called abnormal by both modalites, yet 
they detected different areas of abnormality. The patient 
had adenopathy at the L3-L4 region in addition to a 
mass anterior to the right kidney. CT missed the ade- 
nopathy at L3-L4 because a scan at that level was not ob- 
tained, whereas the lymphangiogram failed to demon- 
strate the extrarenal mass. It is reasonable to assume 
that CT would have shown the adenopathy if a scan had 
been made through that level. In another patient the 
tests disagreed and were both incorrect. The CT reading 
was normal although the patient had adenopathy involv- 
ing the parapancreatic and splenic hilar regions. The 
lymphangiogram was interpreted as having an equivocal 
left iliac node which was subsequently biopsied and 
found to be free of disease; abnormal parapancreatic 
and splenic hilar nodes were not detected since these 
nodes were not opacified by this procedure. 


No Histologic Confirmation 


This group includes 37 patients who had both CT and 
lymphangiography but no surgical staging procedure or 
autopsy. Both modalities were in full agreement in 31 
cases (84%) (table 1). Nineteen cases were diagnosed as 
having a normal retroperitoneum and pelvis by both 
modalities, whereas 10 cases were called abnormal by 
both studies. Two patients were interpreted as equivocal 
by both CT and lymphangiography because several pel- 
vic lymph nodes were borderline in size but not large 
enough to be definitely pathological. 

Interpretation differed in six cases (16%). Of these, two 
patients had normal CT scans, but subsequent lymphan- 
giograms demonstrated distortion of internal nodal ar- 
chitecture and gross enlargement of the lymph nodes. 
Both these patients were scanned at 4 cm intervals, and 
review of the CT study demonstrated that the involved 
lymph nodes were not included in these sections. Repeat 
scans after lymphangiography at 2 cm intervals con- 
firmed the presence of adenopathy. Two patients whose 
lymph nodes showed hyperplastic changes (coded under 
equivocal) had normal CT, although there was no surgi- 
cal confirmation in either case. Of the two cases inter- 
preted as equivocal by CT, both patients were thin and 
lacked sufficient retroperitoneal fat to clearly identify 
normal structures. One patient had a normal lymphan- 
giogram, while the other was abnormal. Retrospective 
review of these scans with knowledge of lymphangio- 
graphic findings was not helpful. 


Clinical Follow-Up Only 


Twelve patients had CT as the only diagnostic proce- 
dure for the evaluation of the retroperitoneal area. Three 
patients had a negative CT scan, whereas the remaining 
nine had a positive scan. Strong clinical evidence sup- 
ports the CT interpretations. 

In one of the three patients who had a negative CT 
scan, the scan was performed to exclude recurrent 
pelvic and retroperitoneal adenopathy as a cause of the 
patient's swollen left leg. A subsequent venogram dem- 


TABLE 1 
Correlation between CT and Lymphangiography in Lymphoma 


Lymphangiographic Di- CT Diagnosis 
agnoso Normal Equivocal Abnormal 
MONG 6scceeienses 19 1 0 
BGUNOCED aisre 2 2 0 
Abnormal ......... 2 1 10 


Note. —No histologic confirmation. 





Fig. 1.—A, CT scan of lower abdomen in normal patient. Note distinct 
outline of aorta (A), inferior vena cava (I), and normal-sized retroperito- 
neal lymph nodes (arrows). B, Scan of lymphoma patient demonstrating 
mild adenopathy. Note obliteration of lateral wall of aorta by enlarged 
lymph nodes. C, Scan of patient showing massive retroperitoneal ade- 
nopathy. Aorta has been completely obscured. 


onstrated complete obstruction of the venous system in 
the left lower extremity with thrombosis extending into 
the femoral vein. The patient has since done well on 
anticoagulant therapy. The other two patients were alive 
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Fig. 2.— Scans of patient at level of renal hilum (A) and upper pole of kidneys (B) demonstrating adenopathy. Lymph nodes at this level are often not 


opacified on lymphangiogram. 


and well 9 and 17 months, respectively, after the initial 
scan. The CT interpretation was thought to be compati- 
ble with the patients’ clinical courses. 

All nine patients with positive CT scans had massive 
retroperitoneal adenopathy. Three had serial CT scans 
which clearly demonstrated the interval change in size of 
adenopathy following chemotherapy and radiation treat- 
ment. The remaining six patients had subsequent chest 
x-ray or excretory urography which showed either par- 
aspinal widening or lateral deviation of proximal ureters 
corresponding to the CT findings. 


Discussion 


Our results are in agreement with earlier reports from 
other institutions [3-6]. CT was highly reliable in detect- 
ing normal (fig. 1A) and abnormal lymph nodes in the 
retroperitoneal and pelvic region. A CT diagnosis of 
abnormality is based on recognition of nodal enlarge- 
ment, sometimes concomitant with displacement or ob- 
literation of normal structures. The CT presentation of 
malignant retroperitoneal lymphadenopathy may vary 
from a small number of discrete enlarged lymph nodes 
to a large homogeneous mass obscuring normal struc- 
tures in which individual nodes are no longer recogniz- 
able (figs. 1B and 1C). In this study, a lymph node is 
considered abnormally enlarged if it exceeds 2 cm. An 
isolated lymph node between 1-2 cm is regarded only as 
a suspicious finding. However, the presence of numer- 
ous lymph nodes of this size is considered to be patho- 
logic. CT is superior to lymphangiography in demon- 
strating abnormal nodes in the upper paraaortic, retro- 
crural, renal hilus, splenic hilus, porta hepatis, and 
mesenteric areas where contrast material from bipedal 
lymphangiography does not usually reach (figs. 2-5). In 
cases where there is no opacification of intraabdominal 
nodes either due to lymphatic obstruction or an unex- 
pected consumption of all the opaque oil by markedly 
enlarged pelvic nodes, CT can be used to study unopa- 
cified areas (fig. 6). CT is also useful in delineating the 





Fig. 3.—Scan at level of diaphragmatic crura. Note enlarged lymph 
nodes (arraw) behind crura. 


exact extent of tumor mass. CT often shows that the 
abnormality demonstrated on a lymphangiogram is only 
the “tip of the iceberg,’ and more extensive disease, 
possibly important in radiation treatment planning, is 
actually present. 

Mesenteric adenopathy may be difficult to identify 
because of confusion with fluid-filled bowel loops. In 
such cases, oral contrast agents are used to opacify the 
bowel lumen and permit distinction. Accessory spleens 
have been confused with splenic hilar adenopathy at 
times; this distinction is difficult with CT alone. Liver- 
spleen radionuclide imaging is useful for clarification in 
these rare instances. 

Lymph nodes which are normal in size but replaced 
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Fig. 4.—CT scan in patient with known lymphoma showing spleno- 
megaly and multiple enlarged lymph nodes (arrow) in splenic hilum. 
Additional scans after contrast administration were performed to exclude 
possibility that soft tissue densities in splenic hilum were bowel loops. 


with tumor will not be distinguished as abnormal by CT. 
Moreover, in patients who are thin or unable to suspend 
respiration, the quality of CT scans is often inadequate 
for delineation of subtle intraabdominal pathology. 

Despite these pitfalls, CT is highly accurate in staging 
lymphoma patients. An overall accuracy of 90% with a 
true positive rate of 86% was achieved. As more experi- 
ence in interpreting CT scans is gained, the ability to 
detect nodal involvement, especially mesenteric lymph 
nodes, will also improve. This will reduce the false 
negative rate of CT scans. Although there was no false 
positive scans in our series, it is conceivable that condi- 
tions such as adenopathy secondary to non-neoplastic 
disease, retroperitoneal fibrosis, and false aortic aneu- 
rysm could cause a false positive interpretation. How- 
ever, such cases are rather uncommon, and it is our 
impression that the false positive rate of CT scanning will 
continue to be low. 

The correlation between CT and lymphangiographic 
findings in both surgically proven and nonproven cases 
is high (84%). The major discrepancy in interpretation 
between the two modalities occurred in two cases where 
CT scans were at 4 cm intervals. Both cases were initially 
interpreted as normal by CT, but repeat scans at 2 cm 
intervals revealed the pathologic nodes as demonstrated 
by the lymphangiogram. Because of the time required to 
obtain scans at 2 cm intervals from the diaphragm to the 
pubic symphysis, and because of the possibility of miss- 
ing moderate-sized adenopathy by taking 4 cm sections, 
a more practical approach has been adopted in recent 
months in our institution. A preliminary survey by scan- 
ning at 4 cm intervals is performed. If the initial scans 
demonstrate gross adenopathy, the study is terminated. 
However, if the study is either equivocal or normal, 
additional scans are obtained to fill in between the 4 cm 
cuts, resulting in sections at every 2 cm before comple- 
tion of a study. 





Fig. 5.—Scans through inferior portion of liver after administration of 
Gastrografin showing contrast-containing bowel loops (black arrows) 
separate from mesenteric adenopathy (white arrows). 


In the remaining cases with discrepancies, the differ- 
ence in interpretation was minor. Lymphangiography 
tended to have more equivocal cases because of hyper- 
plastic changes which were not appreciated on the CT 
scans. 

In addition to being used as part of the initial staging 
procedure, CT has also been used in our institution to 
follow the response to medical treatment. Harrell et al. 
[8] have stated that lymphangiography is advantageous 
because any change in the size of lymph nodes can be 
demonstrated on follow-up abdominal films. However, 
because of the great variability in time that lymph nodes 
retain contrast material, we have found postlymphan- 
giography abdominal films less valuable for long term 
follow-up purposes. We have encountered several fol- 
low-up cases which were abnormal on CT but had 
insufficient contrast in the lymph nodes to make a 
diagnosis on the plain abdominal radiograph. Thus we 
believe that lymphangiography has only a transient ad- 
vantage over CT in this respect, and the latter is a more 
valuable tool for long term follow-up. 

Although lymphangiography and, more recently, CT 
have been used as primary modalities for the staging of 
lymphoma patients at our institution, other noninvasive 
diagnostic tests (i.e., ultrasound and gallium scans) have 
also been reported to be of some value. Ultrasound has 
been quite accurate in detecting retroperitoneal adenop- 
athy [9]; however, it is often difficult to obtain adequate 
scans of the splenic hilum and lower abdomen because 
of bowel gas. In obese patients, examination of the 
retroperitoneal area by ultrasound is also difficult due to 
marked attenuation of the sound beam by the abundance 
of subcutaneous fat. The use of ®’Ga citrate imaging in 
detecting intraabdominal nodal involvement by malig- 
nant lymphoma has generally been disappointing. In a 
recent cooperative study [10], the true positive rate for 
detecting intraabdominal disease was 48%. 
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Fig. 6.—A. Nodal phase of lymphangiogram demonstrating grossly 
abnormal pelvic lymph nodes bilaterally. There was no opacification of 
common iliac, pemiaortic, and pericaval lymph nodes despite infusion of 
6 ml of Ethioge! into each foot. B, CT scan of same patient through lower 
abdomen showing extent of adenopathy (arrows) not achieved by preced- 
ing lymphang sgram. 
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CT Detection of Infected Synthetic Grafts: Preliminary Report 
of a New Sign 
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ALLAN WEINSTEIN,’ THOMAS R. HAVRILLA,’ FRANK =. SEIDELMANN,’ AL H. NAMBA,* AND 
CHARLES M. PARR SH? 


The diagnosis of infected synthetic grafts is difficult using 
traditional radiographic techniques. In four cases, computed 
tomography demonstrated small pockets of gas in the clot 
around the grafts, a distinctive finding for an infected pros- 
thesis. Further experience is required to determine whether 
this will prove to be a reliable diagnostic sign. The gas 
collections in infected grafts differ from normal gas in their 
multiplicity and occurrence more than 10 days after surgery. 


Successful treatment of infected synthetic prosthetic 
grafts is one of the most formidable challenges in medi- 
cine. Such infections are associated with high morbidity 
as well as high mortality if the proper diagnosis is not 
made early and proper therapy instituted [1-3]. Prior to 
the advent of computed tomography (CT), the diagnosis 
depended upon clinical findings of abdominal pain and 
suspected sepsis. Occasionally, radiographic tests such 
as aortography and barium studies provide useful infor- 
mation: unfortunately, such procedures often may be 
less than definitive [4]. 

We have noted a distinctive CT finding which has 
correlated well with the diagnosis of infection of syn- 
thetic prosthetic grafts [5]. On the CT image, small 
pockets of gas appear in the blood clot surrounding the 
graft. This paper discusses and illustrates this possibly 
specific CT finding in four cases of infected Dacron 
aortic grafts. 


Case Material 


During the past 3 years we examined four patients who 
subsequently were proven surgically to have infected 
synthetic aortic grafts: three were from the Cleveland 
Clinic and one from Holy Cross Hospital in Salt Lake 
City. All four patients were correctly diagnosed preoper- 
atively by CT prior to diagnosis by any other imaging 
system. 


Case Reports 
Case 7 


A 68-year-old man was transferred from a local hospital 
because of severe hypertension due to suspected rupture of an 
abdominal aortic aneurysm. During emergency laparotomy the 
aneurysm was unroofed and a Dacron bypass graft was in- 
serted. The patient became febrile 1 week after surgery. Several 
diagnostic studies including plain radiography, tomography, 
and gallium scanning were negative. CT examination demon- 
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strated multiple small gas pockets identified within the aortic 
region fig. 1) and a presumptive diagnosis of infected Dacron 
graft ves made. This diagnosis was not accepted clinically 
because of the patient’s stable condition; he was discharged for 
follow- p by his personal physician. 

The patient was readmitted 3 months later beceuse of acute 
abdom ~al symptoms. At surgery an infected graft was removed, 
an ae-tduodenal fistula was resected, and multiple abscess 
collee-ians were drained; gram-negative organisms were cul- 
tured table 1). A left axillofemoral bypass graft wes performed 
after æ ection of the infected graft. 


Case 2 


A 70-year-old male was admitted to the Cleveland Clinic 
because of severe back pain and midabdominal pain radiating 
to both hips. The patient had a Dacron bypass graft for aortic 
occlus on in 1958. He subsequently required a revision in 1972; 
he then teveloped chronically draining purulent discharge from 
the grci region. Despite a therapeutic regimen which included 
wound Frigations and systemic antibiotics, the drainage contin- 
ued andthe patient repeatedly refused surgical intervention. 

The >atient was admitted 4 years after graft revision because 
of intermittent bleeding from the right groin for several days. He 
was mile ly hypotensive with a hemoglobin of 8.7 g. Emergency 
CT stud of the abdomen revealed small pockets of gas in the 
aortic “gion (fig. 2). At surgery an abscess surrounded the 
graft, requiring its removal. Postoperatively the patient devel- 
oped acate renal failure, severe metabolic acidosis, and cardio- 
vasculer collaose. Cultures taken from the abscess during 
surge, ielded gram-negative organisms (table 1). 


Case & 


A 72-year-old man, who had an emergency resection of a 
leaking-<adominal aortic aneurysm 2 years earlier, was admitted 
on an emergency basis. The patient had done well until 2 weeks 
beforesae mission, when he began to feel ill and developed pain 
in the sack and lower thoracic region. 

On ad mission there were physical findings suspicious for an 
infectec graft, including persistent tenderness over the region 
of the caft. He was afebrile with a mild leukocytosis. CT 
examinaton demonstrated small gas bubbles in the region of 
the grat fig. 3). A bolus injection of contrast material opacified 
the graft lumen and demonstrated the small pockets of gas to 
be extralumina’. The patient developed upper gastrointestinal 
bleeding shortly after lumbar aortography. After stabilization, 
he underwent an axillofemoral graft procedure. During surgery 
the patiert’s blood pressure dropped; on opening the abdomen, 
it was <dent he had bled profusely into the gastrointestinal 
tract. T>e patient exsanguinated and could not be resuscitated. 
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Fig. 1.—Case 1. Scan showing small gas pockets (arrow) in 


area of aorta. 

















Note. — Cultures were not obtained in case 3. 
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Fig. 2.—Case 2. Scan showing small gas pockets (arrow) 
posteriorly within area of aortic graft. 


A large fistula between the aorta at the site of graft anastomosis 
and the transverse duodenum was found. Cultures of the graft 
were not obtained, but multiple abscesses were noted adjacent 


to the graft. 


Case 4 


A 70-year-old man was admitted to the Cleveland Clinic for 
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Fig. 3.—Case 3. Scan without contrast material demonstrating 
small gas pockets (arrow) in area of infected graft. 





disappeared. Cultures were negative. 


evaluation and treatment of an abdominal aortic aneurysm. 


(arrow) posteriorly in paraaortic region. B, Scan taken during 
aspiration (arrow) demonstrating that gas pockets have now 
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Fig. 5.—Noninfected patient. A, 
Scan 7 days after surgery for aneu- 
rysm repair showing location and 
distribution of gas (cf. figs. 1, 2, amd 
4). Center = 0; window = 272. 8, 
Same scan with center at —114 and 
window at 630 to enhance appear- 
ance of gas. Fat appears gray and 
small pocket of gas within aorta ap- 
pears black. 


Abdominal aortography demonstrated a large aneurysm in the 
midportion of the aorta which contained a large thrombus. Two 
days after admissian, the aneurysm was resected and an aor- 
toaortic graft was inserted. The patient did quite well until 9 
days after surgery, when he complained of lower abdominal 
pain but was not febrile. Ten days after surgery, the patient 
developed a fever and white blood cell count elevation to 
75,000. A blood culture was positive for Bacteroides fragilis. 

CT study of the abdomen 2 weeks after surgery demonstrated 
multiple pockets of gas located posteriorly around the aortic 
graft compatible with an infected prosthesis (fig. 4A). Needle 
aspiration of the graft region was attempted 4 days later under 
CT control (fig. 48). Despite the absence of the gas pockets on 
this study, a specimen was obtained by CT-guided aspiration 
from the soft tissues adjacent *o the graft. There was no 
bacterial growth in aerobic and anaerobic cultures. Antibiotic 
therapy was continued, but the patient persisted with a low 
grade temperature and elevated white count. 

The patient developed nausea and hematemesis 30 days after 
surgery (2 weeks after the initial CT scan). Emergency aortog- 
raphy demonstrated a pseudoaneurysm at the graft site. At 
surgery the pseudoaneurysm was located and the proximal 
aorta was ligated, but attempts to establish revascularization 
were unsuccessful and the patient expired. At autopsy, cultures 
from the infected graft grew gram-negative organisms (table 1). 
No enteric fistula was demonstrated. 


Discussion 


Infected prostheses are a serious complication of vas- 
cular surgery with a high mortality and morbidity. Suc- 
cessful surgical management of this problem depends 
on early and accurate diagnosis of the presence of 
infection. Physical signs include evidence for sepsis and 
localized signs of induration and inflammation over a 
portion of a graft. Aortography may at times demonstrate 
pseudoaneurysms or enteric-aortic fistula suggestive of 
infection. Occasionally a barium study will provide posi- 
tive information [4]. Unfortunately, these diagnostic 
methods have not been consistently reliable, and a more 
definitive diagnostic tool is needed. 

In our small series, CT was quite efficacious in diag- 
nosing infection of a prosthesis. In the three cases which 
developed gastrointestinal bleeding, CT was positive 
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prior to the development of enteric bleeding. The char- 
acteristic CT finding was small pockets of gas located 
posteriorly within the aortic bed around the prosthesis. 
Use of intravenous contrast material demonstrates that 
these pockets of gas are external to the lumen of the 
graft. 

The octential error of partial volume effect must be 
considered when dealing with small gas collections. 
These Dockets of gas are quite small and may be aver- 
aged irtc the sections so that the attenuation numbers 
may nct de entirely characteristic; that is, the gas may 
not measure —500 to —1000, but may simply be 20-30 
CT units less than the density of fat. This error can be 
avoidec by using the abdominal fat as a standard. |f the 
window and center point are turned so that the abdomi- 
nal fat degins to turn gray, any density which remains 
black o^ the CT image is definitely gas and nct fat (fig. 
5B). 

There are several possible origins for the gas noted on 
the CT scan. Tne causative organisms of such infections 
are usually gram-negative; E. coli is the most common. 
These organisms frequently form gas by fermentation. In 
three of Our cases, gram-negative organisms (including 
E. coli) were cultured from the infected grafts. In addi- 
tion, aertoenteric fistulae, which develop in many pa- 
tients with infected grafts, could be a potential source of 
perivascular gas. If such fistulae introduced air intermit- 
tently, t iS possible that it might be detectable only 
intermittently. Either postulate is possible; further expe- 
rience is required in order to clarify the origin of the gas 
noted or the CT scan. 

Commert is required concerning a potential false 
positive manifestation of this new CT sign. Of 11 uncom- 
plicated postoperative graft patients studied by CT, a 
single pocket of gas was noted in two anteriorly in the 
area of te aortic bed 7 days after surgery (fig. 5). These 
“normal gas collections differ from those of infected 
grafts because they are single and located anteriorly. 
The “infèæcted" gas collections have been multiole and 
located posteriorly; all occurred more than 10 days after 
surgery. Further experience is required to ascertain if 
these differential points based on the CT findings and 
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the time interval will prove to be valid. However, in our 
experience any delay in instituting proper therapy can be 
catastrophic. Until a large series of noninfected postop- 
erative patients can be scanned and the incidence of 
normal postoperative gas determined, we feel a few false 
positive examinations are more acceptable than the 
hazard of delaying proper surgical therapy in these 
patients. 

At present we believe the CT findings should be corre- 
lated with the clinical status of the patient. If the patient 
has a clinical course with sepsis, leukocytosis, and other 
indications of infection and it is more than 10 days since 
surgery, the presence of gas should definitely be consid- 
ered as a strong indication of infection. In order to 
further substantiate this sign we intend to perform fine 
needle aspirations of the gas pockets to obtain culture 
specimens. 
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‘Maxillary Sinusitis” and Cancer: The Role of Polytomography 


This 31-year-old Caucasian woman complained of a 
recurrent upper respiratory infection for 9 months. In 
addition, for the past 2 months she suffered a sore 
throat, dry cough, and pain over the left maxillary sinus. 
A clinical diagnosis of sinusitis was made, and she was 
treated with antibiotics and nasal decongestants, with 
some improvement. She was seen again 2 months later, 
at which time she had a purulent discharge from both 
nostrils. Plain films of the sinuses revealed “‘pansinusitis 
with air-fluid levels in both maxillary sinuses” (see 
above). No bone destruction was recognized in this or 
other views. A chest x-ray and urinalysis were normal. 

The patient was placed on antibiotics for 3 more 
weeks, after which repeat radiographs failed to show 
clearing of the sinuses. The radiologist requested tomo- 
grams for more complete assessment of the degree and 
extent of sinus involvement. These tomograms, per- 
formed 1 year after the symptoms began, showed de- 
struction of the medial wall of the left maxillary antrum 
with a mass extending into the left maxillary, left eth- 
moid, and sphenoid sinuses (fig. 1). Subsequent biopsy 
of the tumor in the left maxillary sinus revealed an 
infiltrating, poorly differentiated squamous cell carci- 
noma. The metastatic workup was negative, and the 
tumor appears to be under control 1 year after radiation 
treatment. 


Discussion 


Pansinusitis, with or without associated radiologic 
findings, is a common condition. On the other hand, 





primery cancer of the nasal cavity and the maxillary sinus 
is rare and may not be considered in the differential 
diagnosis initially, either by the general physician or the 
otolaryngologist. Its occurrence in a young woman is 
even more unusual. This disease usually affects older 
individuals, predominantly males. By the time plain films 
of the nasal and paranasal sinuses show signs of cancer, 
the dsease often is locally advanced. Plain films may fail 
to demonstrate the presence and/or extent of bone 
erosicn, which is the principal sign of malignancy; to- 
mography (preferably polytomography) is more effective 
in deäneating bone destruction. That sinus cancer is 
often locally advanced at initial diagnosis was shown in 
Willie s [1] series of 220 patients, of whom 131 were first 
treated “symptomatically’ for 2-6 months and 47 of 
them for 6-26 months before the correct diagnosis was 
made and proper treatment instituted. 

In primary carcinomas directly involving the paranasal 
sinuses, a confusing picture may result clinically as well 
as raciographically from superimposed sinusitis, since 
neoplasms of the nose, sinuses, or nasopharynx can 
block the ostia of adjacent sinuses and cause them 
secondarily to become opacified [2]. More than one 
sinus is usually involved in sinus infections, with or 
withoret associated tumor. Furthermore, while some 
symptomatic improvement often occurs with antibiotic 
treatment in either condition, the affected sinuses may 
not reaerate completely in an otherwise uncomplicated 
infection (particularly in chronic sinusitis), making a 
distinction of sinusitis from carcinoma on the follow-up 
plain f Ims even more difficult. 


This is one of a bimonthly series of case reports prepared by A. Robert Kagan aad Richard J. Steckel (Southern California Permarente Medical 
Group, 1510 North Edgemont, Los Angeles, California 90027, and UCLA Jonsson Comprehensive Cancer Center, 924 Westwood Boulevard, Suite 650, 
Los Angeles, California 90024, respectively) to present and discuss contemporary pmoblems and procedures in the identification and staging of the 


more common neoplasms. Case contributed by Aroor Rao and Harvey A 
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Fig. 1.—Anteroposterior polytomogram showing large mass filling left 
nasal cavity and extending into ethmoid and left maxillary sinuses. 
Widespread bone destruction is evident (arrowheads). 


The differential diagnosis in adults of soft tissue 
masses in or about the nasal cavity and the paranasal 
sinuses lies between a mucocele or an inflammatory 
polyp, a benign tumor (such as fibroma or papilloma), 
and the rare primary malignant tumor. Metastatic tumors 
to the sinus cavities do occur but are very unusual. 
Expansion and thickening of the sinus walls occur with 
mucoceles and benign tumors, and diffuse osteoblastic 
changes are common with chronic infections [3, 4]. 
Bone destruction, which may occur rarely without an 
associated mass (as in midline lethal granuloma or 
Wegener's granulomatosis), may be masked on plain 
films by superimposed (intact) bone structures and by 
the presence of soft tissue thickening, particularly in the 
ethmoid and maxillary sinuses. When bone destruction 
has been demonstrated in the presence of a mass, 
biopsy is mandatory to rule out cancer. However, the 
absence of bone destruction, even after a prolonged 
clinical course, is of no value in ruling out tumor: slowly 
growing malignancies may remain confined to the si- 
nuses or nasal cavity for long periods, or they may even 
deflect (expand) the margins of the sinus or the nasal 
septum (fig. 1) [4]. 

In practice, patients with presumed inflammatory sinus 
disease that has recurred or become resistant to treat- 
ment may be advised first to have sinus irrigations with 
cytologic examination and cultures of the washings. If 
there is no resolution after multiple washings with nega- 
tive cytology and appropriate antibiotics, then biopsy 
should be recommended. 

When cancer has been established, tomograms are 
always indicated for evaluation of tumor extent. Al- 
though the need for biopsy cannot be preempted by 
tomography, tomograms can contribute useful diagnos- 
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tic information in patients with equivocal plain film or 
cytologic findings, or with unusual features such as a 
nasal mass, failure of clinical response or increasing 
local pain despite adequate treatment, and/or a neural 
deficit. 

After a histopathologic diagnosis of sinus carcinoma 
is established, tomograms have an important role in all 
patients for purposes of staging and treatment planning 
[5]. For example, demonstrated involvement of the or- 
bital floor and/or ethmoid region in maxillary antral car- 
cinoma will make it necessary for an enlarged volume of 
tissue to be treated surgically and/or radiotherapeuti- 
cally, with the expectation of increased morbidity. Peri- 
neural tumor involvement, as indicated preoperatively by 
enlargement of the foramen rotundum or the infraorbital 
foramen, may indicate the need for a larger treatment 
volume and worsens the prognosis. When equivocal 
bone destruction has been demonstrated involving the 
pterygoid region or the cribriform plate, an extensive 
Surgical procedure is usually deemed inadvisable. 

In summary, patients who have radiographic and clin- 
ical signs of sinusitis and who do not begin to show a 
prompt response to vigorous treatment should undergo 
Sinus irrigations with laboratory investigations that in- 
clude cytologic study. If progressive or continuing reso- 
lution has not occurred within 1 month, operative visual- 
ization and biopsy are indicated. Whereas sinus tomog- 
raphy is not recommended as a routine examination for 
diagnostic or screening purposes, it can prove helpful in 
clarifying equivocal plain film, clinical, and/or cytologic 
findings. After a diagnosis of cancer has been made, or 
in patients who are clinically suspect for tumor, tomog- 
raphy (sometimes using multiple projections) may be of 
great assistance for diagnostic confirmation and tumor 
Staging. Plain films may fail (even in retrospect) to 
demonstrate bone destruction which is shown on poly- 
tomography of the nasal sinuses. A complementary role 
for CT imaging has not yet been established conclu- 
sively, but recent experience seems to indicate that it 
may provide additional or confirmatory information (par- 
ticularly regarding intracerebral or intraocular tumor 
extension) for use in treatment planning. 
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CT-guided Seldinger Catheter Draimage of a Hepatic Abscess 


THOMAS F. STEPHENSON,’ LOUIS R. GUZZETTA.? AND OSCAR A. TAGULINAO? 


A modification of previously reported CT-guided needle 
aspiration and drainage techniques is described [1]. 
Using the Seldinger technique, a Teflon-sheathed needle 
was exchanged for a catheter to provide continued 
drainage after needle aspiration of a hepatic abscess. Of 
incidental interest, the abscess showed as an area of 
relatively increased density against a fatty liver of abnor- 
mally low density. Previous reports have established 
hepatic abscesses as areas of decreased density com- 
pared to normal hepatic parenchyma on CT examination 
[2-4]. 


Case Report 


A 71-year-old female remained febrile several weeks after 
cholecystectomy and removal of a common duct stone. A 
gallium scan was positive over the epigastrium and °™Tc sulfur 
colloid scan showed a large defect in the left lobe of the liver. 
Ultrasound revealed a 5 cm cystic area in the left hepatic lobe 
and suggested a possible subhepatic collection as well. Using 
an EMI 5005 head and body scanner, multiple scans through 
the liver showed a diffuse decrease in hepatic parenchymal 
density, average EMI number of —7 units (normal +20 to +35 
EMI units, +40 to +70 Hounsfield units) [5] compatible with 
marked fatty change. Against this background of diminished 


dens ty of the liver, the portal veins were well seen as tubular 
brane hing structures of greater density. A rounded area of 
increased density (average, +8 EMI units) was present in the 
left Icbe (fig. 1A). Repeat scan after intravenous infusion of 300 
ml o* Hypaque 30% showed slight enhancement cf the margins 
of the lesion (fig. 1B). 

Wh the patient still in position, it was decided to proceed 
diree ly with aspiration rather than performing the aspiration 
unde- ultrasound guidance. The position and depth of the 
les Om were measured, and using an 18 gauge Te*lon-sheathed 
neece, percutaneous aspiration was performed. During sus- 
pended respiration, the sheathed needle was inserted, then the 
inner needle was removed. The patient was then allowed to 
breathe again and the lumen of the Teflon sheath was opacified 
with about 0.1 ml of Hypaque 30%. Maintaining sterile tech- 
nique, the proximal end of the Teflon sheath was taped to the 
skin and covered with a sterile drape. The patient was re- 
scanmed. and the relation of the sheath to the lesion was 
obse~ved. Appropriate correction of needle placement was 
measured on the CT scan, and about 50 mi of purulent creamy 
greer ishyellow fluid was aspirated. Several milliliters of a 1:15 
dilution of Hypaque 60% in sterile water and a few milliliters of 
air were injected into the abscess cavity, and the patient was 
rescanned (fig. 2). 

Usang the Seldinger technique, a flexible angiographic guide 





Fig. 1.—A, Fatty liver of decreased density compared to branching portal veins and left lobe abscess. B, After contrast enhancement. margins of 


abscess are slightly accentuated. 
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Fig. 2.—Contrast material and air in partially drained abscess. Orally 
administered Gastrografin is seen in stomach and jejunal loops. 


wire was inserted through the Teflon sheath, which was then 
exchanged for a no. 7.5 French green Kifa catheter. It was 
necessary to pass a no. 7 French vessel dilator over the guide 
wire before the catheter could be inserted. Subsequent drain- 
age yielded an additional 200 ml of purulent material. Anaerobic 
cultures grew Bacteroides fragilis. Appropriate antibiotic ther- 
apy was instituted. Catheter drainage and irrigation was contin- 
ued for 4 days, at which time the catheter was inadvertently 
removed. Ultrasound 1 week later showed a marked decrease in 
diameter of the left lobe cavity from 5 to 2 cm. However, again a 
subhepatic collection of fluid was demonstrated, suggesting a 
subhepatic abscess. At laporotomy a sterile serous collection 
was found under the area of the surgical scar. A drain was 
replaced in the remaining cavity of the left lobe abscess from 
which no gross pus could be obtained. Cultures of this cavity 
were sterile. The patient continued to have persistent nausea, 
vomiting, and intermittent fever despite antibiotic therapy. The 


patient expired 2 months later. Autopsy revealed severe hepatic 
fatty changes, cholangitis, and pericholangitis with multiple 
small and organizing hepatic abscesses, the largest being 3 
mm. 


Discussion 


This modification of previously reported CT-guided 
aspiration and drainage techniques uses a Teflon- 
sheathed needle and the Seldinger technique to estab- 
lish catheter drainage. This allows greater flexibility in 
choosing simple aspiration or aspiration and drainage of 
hepatic abscesses. The technique facilitates performing 
this procedure with scanners having a smaller gantry 
aperture where it is sometimes difficult to include both 
patient and protruding metal needle within the aperture. 
The flexible Teflon sheath also minimizes trauma to the 
liver. No. 7.5 French and larger angiographic catheters 
may be introduced in this manner. As noted by Haaga et 
al. [1], this may occasionally be curative even with much 
smaller catheters and serves as a guide to the abscess if 
subsequent surgery is required. 
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Mediastinal Lymphadenopathy and Undifferentiated Connective Tissue Disease: 
Case Report anc Review 


JAY GORDONSON,' MICHAEL QUINN,’ RONALD KAUFLAN,? AND JAN G. VAN DEN TWEEL® 


Mediastinal lymphadenopathy is a common finding at 
autopsy in systemic lupus erythematosus and rheuma- 
toid arthritis, but has seldom been mentioned in reports 
of the rheumatic diseases except in Sjogren's syndrome. 
We describe a patient with clinical and immunologic 
features of systemic lupus erythematosus, progressive 
systemic sclerosis, and rheumatoid arthritis with benign 
lymphoid hyperplasia presenting as a mediastinal mass. 
The histology of the hypertrophic lymph nodes showed 
reactive follicular hyperplasia with medullary plasmacy- 
tosis, a finding seen in rheumatoid arthritis. The medias- 
tinal lymphadenopathy resolved 10 months after the 
patient was first seen, but the undifferentiated connec- 
tive tissue disease persists. We found one previous 
report of benign mediastinal lymphadenopathy as a pre- 
mortem finding in systemic lupus erythematosus [1] and 
one in rheumatoid arthritis [2]. The radiologic and histo- 
logic features of the mediastinal mass reported here are 
also consistent with the plasma cell form of giant lymph 
node hyperplasia, a disorder not previously associated 
with the rheumatic diseases [3]. 


Case Report 


A 25-year-old male musician was admitted to the University of 
Southern California-Los Angeles County Medical Center with a 
1 year history of arthralgias of large and small joints and an 11.3 
kg weight loss. He had been treated with aspirin and monthly 
intramuscular cortisone injections by a private physician. He 
had never taken anticonvulsants, hydralazine, or procainamide. 
Physical examination revealed fusiform swelling of the fingers 
and tenderness of the hands, but no deformity. Lymph nodes 
(3-4 cm) were palpable in both axillae. Anterior cervical, supra- 
clavicular, and inguinal lymphadenopathy was also noted. The 
liver and spleen were not palpable. Admission chest radiogra- 
phy revealed a moderately large paratracheal mass (fig. 1A). 
Radiography of the hands was normal. The latex fixation titer 
was 1:320; anti-DNA, negative; anti-DNP, 1:4; and Venereal 
Disease Research Laboratories (VDRL) test, negative. A diag- 
nosis of early rheumatoid arthritis was made, and salicylate 
therapy was begun. 

The patient was readmitted 1 month later with pleuritic 
substernal pain. arthralgias, and night sweats. His temperature 
was 39.2°C on admission but did not exceed 37.7°C thereafter. 
Physical examimation was unchanged. Chest radiography re- 
vealed enlargement of the right paratracheal mass and small 
bilateral pleural effusions (fig. 1B). Laboratory tests revealed an 
antinuclear antibody titer of 1:160 with speckled pattern. The 
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patient had developed a biologic false-positive VDRL. A lupus 
eryfmematosus cell test was positive. The heterophile and bru- 
cella agglutination titers were negative. Blood hemoglobin 
comcentration was 11.3 g/100 ml. White blood cell count was 
7,100/mm# with 57% neutrophils, 8% bands, 20% lymphocytes, 
and 17% eosinophils. There were no atypica! lymphocytes. 
Serum protein electrophoresis indicated a total protein of 7.4 g/ 
100 mł albumin, 2.2 g/100 ml; and polyclonal elevation of 
gamma globulin, 3.7 g/100 ml. Quantitative immunoelectropho- 
resis revealed an elevation of IgG and normal IgM and IgA. 
Serum creatinine phosphokinase and renal function were nor- 
mai There was no reaction to purified protein derivative of 
tubercvlim (250 units), histoplasmin, and mumps skin tests. 
Numereus blood cultures and sputum specimens for acid-fast 
baelli were negative. 

To determine the nature of the marked lymph node enlarge- 
mert, an axillary node biopsy was performed. The histology 
showec an intact lymph node architecture with an increase of 
reactive follicles. Numerous plasma cells were noted in the 
inte-fo! icular areas. The diagnosis of reactive follicular hyper- 
plasia with medullary plasmacytosis was made (fig. 2A). Medias- 
tinescapy revealed enlarged tracheobronchial lymph nodes. 
The histology of a mediastinal node showed an identical proc- 
ess to hat of the axillary lymph node (fig. 2B). There was no 
evidence of neoplasm, granulomata, or microorganisms. Bron- 
Chescooy demonstrated normal airways. Cultures and special 
Stams ef resected lymph nodes and bronchial washings were 
negative for bacteria, mycobacteria, and fungi. Cytologic ex- 
armmnation of the bronchial washings revealed no malignant 
celts. Æ liver biopsy was normal. The patient was discharged 
with a diagnosis of systemic lupus erythematosus with marked 
bemgn lymphadenopathy and was lost to follow-up. 

The patient returned about 1 year after first admission com- 
plæning of dysphagia, shortness of breath, and Raynaud's 
phenomenon. He had been taking phenylbutazone and intra- 
muscur cortisone injections twice monthly from a private 
physician. Physical examination revealed the patient to be 
afecrile. There were ‘‘swan neck” deformities of the fingers and 
subcutaneous nodules of the left forearm and right elbow. 
Axiltary, cervical, and inguinal lymph nodes were enlarged but 
less so than during the previous admission. Chest radiography 
revealed diffuse early pulmonary interstitial disease and com- 
plese resolution of the mediastinal lymphadenopathy (fig. 1C). A 
cine esophagram demonstrated decreased esophageal peristal- 
sis. A skin biopsy revealed increased dermal fibrous tissue. It 
was fe! that the complex clinical course was most consistent 
with mixed connective tissue disease. 

Since this time the patient has had several hospital admis- 
sioms for bacterial pneumonitis and severe restrictive lung 
disease. Two months after the diagnosis of mixed connective 
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Fig. 1.—A, Right paratracheal mass. B, 6 weeks later mass has enlarged and there are bilateral pleural effusions. C, 8 months after B paratracheal 
mass has resolved. There is early interstitial lung disease. D, 2 years after C there is radiographic progression of interstitial lung disease and right upper 


lobe bacterial pneumonitis. 


tissue disease, his vital capacity was 47% of the predicted value 
with normal flow rates and residual volume. Biopsy of a subcu- 
taneous nodule revealed a stellate granuloma consistent with a 
rheumatoid nodule. Antibody titer to the ribonucleoprotein 
fraction of extractable nuclear antigen (ENA) was 1:40 million; 
anti-Sm antigen titer was 1:1 million. Slight improvement on 
high dose corticosteroid therapy to a vital capacity of 55% was 
noted 2 years later. Renal function has remained normal. A 
blood eosinophilia of 10% has persisted. During his course the 
patient has never had manifestations of Sjogren’s syndrome. 


Discussion 


The manifestations of three of the classic rheumatic 
disease syndromes in one patient is most accurately 
described as an undifferentiated connective tissue dis- 


ease. Pleuritis, nonerosive arthritis, Raynaud's phenom- 
enon, and the lupus erythematosus cell phenomenon are 
sufficient positive criteria for the diagnosis of systemic 
lupus erythematosus [4, 5]. Esophageal motility dysfunc- 
tion, restrictive interstitial lung disease, and speckled 
immunofluorescence of antinuclear antibody are mani- 
festations suggesting progressive systemic sclerosis. 
“Swan neck” deformities, subcutaneous rheumatoid 
nodules, and the presence of rheumatoid factor are 
usually seen in rheumatoid arthritis. 

Recently a subgroup of patients with undifferentiated 
connective tissue disease and rheumatologic overlap 
syndromes distinguished by the presence of a hemagglu- 
tinating serum antibody to the ribonucleoprotein fraction 
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Fig. 2.—A, Axillary lymph node. At bottom is lymphoid follicle wit variety of follicle-center cells, surrounded by lymphocytic 
mantle. Interfollicular area at top shows variety of cell types. (H amd E, x400) B, Mediastinal lymph node showing follicular 


hyperplasia. (H and E, x 128) 


of ENA has been described by Sharp and others [6-10]. 
In this clinical entity, termed mixed connective tissue 
disease, there seems to be a very low incidence of renal 
disease, a better response to corticosteroids, and a more 
favorable prognosis than in the other rheumatic dis- 
eases. Our patient fits this description quite closely and 
has an exceptionally high antibody titer to the ribonu- 
cleoprotein fraction of ENA. However, his significant 
antibody titer to Sm antigen (the nonribonucleoprotein 
fraction of ENA) is currently thought to mitigate against 
the diagnosis of mixed connective tissue disease [10]. 

The incidence of lymphadenopathy, a common feature 
of rheumatic disease, is reported to be 19%-96% in 
rheumatoid arthritis [11], 32%-67% in systemic lupus 
erythematosus [12-14], and 68% in mixed connective 
tissue disease [1]. It is usually generalized in sys- 
temic lupus erythematosus, but in rheumatoid arthritis 
it more often occurs in the lymphatic drainage of in- 
volved joints. Waterhouse [15] observed that in more ad- 
vanced cases of rheumatoid arthritis, lymphadenopathy 
was generalized and the correspondence of node and 
joint involvement could not be established. 

In systemic lupus erythematosus, rheumatoid arthritis, 
and particularly mixed connective tissue disease, lymph- 
adenopathy may attain proportions usually limited to 
malignancy or granulomatous disease, but in most cases 
the hyperplastic nodes harbor neither neoplasm nor 
organism. This lymphoid hyperplasia is thought to rep- 
resent the response of an altered immune system to an 
as yet undefined antigenic stimulus [16]. Biopsy may be 


n=oessary in some cases since granulomatous infections 
amc malignant lymphoma have a higher inc dence in 
rm2umatic disease patients than in the general popula- 
ttn 17}. Indeed, immunoblastic sarcoma developing in 
a patient with systemic lupus erythematosus was re- 
pcred recently [18]. Chronic antigenic stimulation 
seems to play a role in the pathogenesis of this specific 
type of lymphoma [19]. 

Most clinical investigations of lymphadenopathy in 
rweumatic disease have been limited to the superficial 
mc es. Lymphangiographic studies in rheumatoid arthri- 
t= have demonstrated enlargement of the paraaortic 
mc es as well [20]. Although reviews of the chest radio- 
‘ejic manifestations of rheumatoid arthritis, systemic 
lē2us erythematosus, and mixed connective tissue dis- 
e=se do not mention mediastinal lymphadenopathy [21- 
=]. it has been noted at autopsy in 16% of cases of the 
fsi two entities [2, 14, 26]. In a series of 21 cases of 
‘meu matoid arthritis biopsied to rule out lymphoma, only 
cme presented as mediastinal adenopathy [2]. A case of 
Systemic lupus erythematosus with self-limitec hilar and 
Tedtastinal lymphadenopathy, fever, and pleuritis (simi- 
lē to Our Case) was reported by Kassan et al. 1]. Unlike 
cur patient however, the lymph nodes shewed histologic 
features as described for systemic lupus erythematosus. 

The radiologic and histologic features of our patient's 
mediastinal lymphadenopathy are seen in the plasma 
cel form of giant lymph node hyperplasia [3, 27]. In this 
cisorder a single mass of lymph nodes, usually in the 
mediastinum, is associated in most cases with anemia 
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and a polyclonal hypergammaglobulinemia. The radio- 
graphic finding of a rounded, well defined mediastinal 
mass along one side of the tracheobronchial tree is 
present in over 50% of cases. The histology may be 
indistinguishable from that seen in rheumatoid arthritis. 
The remarkable histologic and immunologic simularity 
between giant lymph node hyperplasia and the lymph- 
adenopathy of rheumatoid arthritis led Keller et al. [3] in 
their review of 81 cases to consider a common etiology 
for the two disorders [3]. The association of mediastinal 
lymphadenopathy, histologically indistinguishable from 
giant lymph node hyperplasia, and undifferentiated con- 
nective tissue disease in our patient lends support to 
their hypothesis. 
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Duodenal Tuberculosis 


GERALD A. BLACK' AND EDWARD W. CARSKY' 


Gastrointestinal tuberculosis presenting as isolated in- 
volvement of the duodenum is a rare entity. However, 
there are several features of the clinical history and 
radiographic examination that should suggest its inclu- 
sion in the differential diagnosis of stenotic and ulcerat- 
ing lesions of the duodenum. 

Pasteurization of milk and effective screening and 
treatment of tuberculosis in developed countries have 
greatly reduced the incidence of upper gastrointestinal 
tuberculosis. When it does occur, it is commonly mis- 
taken for peptic ulcer disease, Crohn's disease, or neo- 
plasm, both clinically and radiologically. This paper 
briefly discusses gastrointestinal tuberculosis with par- 
ticular emphasis on the findings in duodenal tuberculo- 
Sis. 


Case Report 


A 31-year-old black female, sought medical attention because 
of several weeks of midabdominal pain which radiated to her 
back. She related its onset to an episode of abdominal trauma 
in September 1976. An upper gastrointestinal series showed 
mucosal irregularity and narrowing of the proximal duodenum 
(fig. 1A); she was treated for peptic ulcer disease, but the pain 
persisted. A repeat gastrointestinal series 3 months later 
showed no change. Sonography showed a 2 cm area of sono- 
lucency in the head of the pancreas adjacent to the duodenum, 
which was thought to represent pancreatitis. 

The patient was still having persistent abdominal pain 5 
months later, although now it was epigastric. Ulceration and 
Progressive narrowing were demonstrated on an upper gas- 
trointestinal series (fig. 1B). Because of the persistent nature of 
the pain, a gastric acid analysis was performed 3 months later. 
It was normal, as were other studies, including intravenous 
cholangiography and a small bowel series. Endoscopy showed 
mild antral gastritis, marked inflammation of the duodenal bulb, 
and severe postbulbar stricture. A biopsy showed chronic duo- 
denitis. Radiographic findings 2 months later persisted without 
substantial change (fig. 1C). 

The gastroenterologist consultant felt that ulcer disease was 
unlikely in view of the normal gastric acid and lack of response 
to ulcer treatment. It was felt that Crohn’s disease was also 
somewhat unlikely in view of the normal small bowel. Because 
of the persistence and uncertainty of the etiology of her pain, 
the patient underwent exploratory laparotomy. At surgery, the 
duodenum was markedly inflamed from the pylorus to the distal 
portion and was relatively stenotic. The stomach, jejunum and 
ileum were normal. Several adhesions in the pelvis were pre- 
sumed to be secondary to previous surgery for pelvic inflam- 
matory disease. There were large lymph nodes up to 6 cm in 
diameter in the mesentery of the small bowel. Because it was 
unclear whether this represented peptic ulcer disease, Crohn's 
disease, or tuberculosis, a vagotomy and gastroenterostomy 
were performed. Subsequently, Mycobacterium tuberculosis 
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was grown from the mesenteric lymph nodes and duodenum 
that were biopsied at surgery. The chest radiographs were 
negative, even in retrospect. 

The infectious disease consultant later learned from the 
Department of Health that this patient had pulmonary tubercu- 
losis in 1960 and was treated with chemotherapy for € months. 
lt was also learned that at an abdominal exploration in 1971 at 
another hospital, the duodenum was normal tut there were 
large abdominal lymph nodes. Eventually tuberculosis was 
isolated from these nodes and the patient placed ən chemother- 
apy. but she was subsequently lost to follow-up. 


Discussion 


Tuberculosis of the gastrointestinal tract, once a com- 
mor entity in the differential diagnosis of inflammatory 
disease, is seldom seriously considered in the United 
States or Western Europe because of its low incidence. 
It is still encountered in certain areas of Africa and Asia. 
However, it is seen in developed countries on rare 
occesions, and there are certain features which should 
Sugcest its inclusion in the differential diagnosis of 
gastrointestinal inflammatory disease. 

Gestrointestinal tuberculosis is an unusua! occurrence 
without preexisting pulmonary tuberculosis [1, 2]. In the 
presence of untreated tuberculosis, however, the inci- 
dence of gastrointestinal tract involvement is relatively 
high By far the most common site of involvement is the 
ileocecal region; the ascending colon and ejunum are 
the mext most common. The stomach, duodenum, distal 
colon, and esophagus are rarely involved. Isolated in- 
volvement of the duodenum is quite rare; an incidence 
of less than 3% is reported in most series, although in 
one report it was found to represent 18% of gastrointes- 
tinal esions [3]. 

The usual clinical presentation includes epigastric 
pain and weight loss. Nausea, vomiting, fever, and as- 
cites are less common [3-5]. It is not unusual for patients 
to be treated initially for peptic ulcer disease, particularly 
since the radiographic findings often support such a 
diagnosis. 

The disease in the gastrointestinal tract is usually 
initiated as a result of swallowing tubercle bacilli which 
directly invade the mucosa; however, hematogenous 
and lymphatic spread can also occur [4]. An inflamma- 
tory exudate is produced which may spread along the 
mucosa or through the wall of the intestine with subse- 
quent involvement of adjacent lymph nodes. 

The mucosa in the involved area becomes hyperplastic 
and thickened, but generally remains intact. When ulcers 
occur they are frequently small, superficial, and multiple 
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Fig. 1.—Gastrointestinal series. A, On admission there is slight deformity and stiffening of duodenal cap with narrowing of duodenal loop, Folds are 
thickened. B, 5 months later narrowing is increased, with duodenal ulcer (arrow). C, Just before surgery, although ulcer is no longer prominent, 


postbulbar narrowing and stiffening persist. 


and appear radiographically as spiculations [2, 4]. Long 
narrow ulcers situated between hyperplastic folds may 
be produced and at times resemble the ulcers of Crohn's 
disease [3]. Subsequent to the ulcer formation, the 
disease may progress or heal with resulting fibrosis [2]. 
If there is spread to the mesenteric lymph nodes, casea- 
tion with abscess formation may occur. This may lead in 
turn to fistula formation and the development of sinus 
tracts in some cases [4]. When the adjacent lymph nodes 
are quite large, the resultant extrinsic masses may indent 
the duodenum and may cause obstruction. Fibrosis is 
very common and frequently results in strictures of the 
second portion of the duodenum. Obstruction of the 
lymphatics leads to edematous coarsening of the mu- 
cosal folds and a malabsorption pattern [3]. 

Because of the rarity of gastrointestinal tuberculosis, 
the diagnosis is seldom made preoperatively unless there 
is knowledge of a preexisting tuberculous lesion or 
unless more commonly occurring diseases cannot be 
confirmed. The most common condition considered in 
the differential diagnosis, duodenitis, usually can be 


excluded if gastric acid is normal or if the patient does 
not improve with treatment. Crohn's disease is the next 
most common condition to be considered, since its 
appearance in the ileocecal area can be identical to 
tuberculosis. When the disease is localized or produces 
a partially obstructing stenotic lesion or when large 
lymph nodes indent the duodenum, tuberculosis also 
may resemble neoplasm. 
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Control of a Traumatic Vertebral Arteriovenous Fistula by a Modified Gianturco Coil 
Embolus System 


PLINIO ROSSI," ROBERTO PASSARIELLD, AND GIOVANNI SIMONETTI 


Transcatheter arterial embolization for control of bleed- 
ing or the treatment of arteriovenous malformations has 
become standard practice in vascular [1-7] and neuro- 
radiology [8-11]. Several techniques have been de- 
scribed including diverse shapes of catheter, double 
catheter assembly [12], and different types of emboli. 
Until now the materials used for embolization have been 
Gelfoam, autogenous clots (treated and untreated) [13], 
plastic Silastic [10] or metallic spheres, and Ivalon (poly- 
vinyl alcohol sponge) [1]. All these materials have been 
used for small arterial occlusion; however, for large 
arteries the problem is different, since smaller emboli 
cannot be used and large emboli require a large bore 
catheter. The use of small emboli would probably result 
in pulmonary embolization, since they would readily 
cross the communication and enter the venous system. 

A technique of a large artery embolization was de- 
scribed by Gianturco et al. in 1975 [14] using woolen 
strands attached to special metallic coils. These are now 
available in different sizes and can be retrieved before a 
definite placement. ‘The wool coils were constructed by 
attaching four woolen strands, 3 cm in length, to a tightly 
coiled 5 cm segment of steel guide wire from which the 
central core has been removed” [14]. The system for 
introduction of such wool coils consists of an introducer, 
pusher, and precurved nontapered Teflon catheter 60 
cm long. It can be used only for embolization of large 
abdominal arteries using the transfemoral approach. For 
distant artery occlusion we have used a modified system 
which permits transfemoral embolization of vertebral 
arteries. 


Materials and Methods 


The modification consists of an 80 cm no. 7 French nontap- 
ered Teflon catheter with a mild distal curve, an introducer 
made from the imner core of a guide wire, and a pusher made of 
a 0.47 guide wire with removable core. The catheter is intro- 
duced using a no. 7 French Mylar sheath. On catheterization of 
the artery selected for embolization, the coil is advanced to the 
tip of the catheter by the introducer. The introducer is then 
removed and the coil remaining at the distal tip of the catheter 
is advanced into the artery with a long soft-tipped pusher to 
avoid dislodgment of the catheter tip. The wool coils are the 
standard type described by Gianturco et al. [14] and manufac- 
tured by the Cook Company. 


Case Report 


A 27-year-old physician, nationally known as an excellent 
Rugby player, sustained a neck injury. The trauma was not 
followed by any apparent injury, and the patient continued 
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playing for several months. About 3 months after injury, the 
patiant began to hear a systolic bruit in the left ear, especially 
evicent while he lay in bed. He located a bruit in the posterolat- 
eral aspect of his neck on the left, with maximum intensity at 
the evel of C2-C3. He then sought medical help. 

Selective transfemoral catheterization of the neck vessels 
demonstrated a large arteriovenous fistula of the left vertebral 
artery at the level of C2-C3 not supplied by branches of the right 
vertebral artery, descending branches of the left occipital artery, 
or branches of the left deep cervical artery as shown by selective 
catneterization. The left vertebral artery distal to the fistula was 
never visualized from a left vertebral artery injection, but was 
visualized by a right vertebral artery injection. The flow within 
the left vertebral artery was very high and all the contrast 
mecium entered the venous system; the left vertebral artery was 
visualized in only three films (at six films per second; fig. 1). 

E nbolization of the fistula was considered and carried out 
via the transfemoral route about 1 month later, preceded by a 
control angiogram and partial heparinization of the patient. 
Afte the Teflon catheter was introduced into the vertebral artery 
almost to the level of the fistula, two wool coils were advanced 
at the C2-C3 and C4-C5 levels, respectively, to produce a 
segmental obstruction of the vertebral artery at the level of the 
fistula (fig. 2). The rationale for a segmental vertebral artery oc- 
clus on was to prevent the possible formation of new collaterals 
to the arteriovenous shunt from the muscular branches of the 
vertebral artery proximal to the fistula, and to decrease the 
head of pressure at level of the distal coil. 

Although the control angiogram showed that the proximal 
coil was not occlusive, this was presumably because the angio- 
gram was performed a few minutes after the introduction of the 
coil. Camplete thrombosis usually occurs withir an hour after 
plaeement of Gianturco wool coils [14]. However, the fistula 
was no longer demonstrated and the bruit had disappeared (fig. 
3). 
The catheter was removed and pressure applied at the punc- 
ture site. The patient noticed a subcutaneous hematoma in the 
Scrotum 2 hr after embolization; it reabsorbed in a few days. 
Strar gely enough, no hematoma was noticeable at the puncture 
site. In the following days the patient complaned of some 
disccmfort on the left side of his neck and stoulder which 
resolved in 1 week. At present, 1 year after the procedure, he is 
doing well with no bruit. A control radiograph of the neck 
Showed the two metallic coils in situ. Angiography was not 
performed since he is completely asymptomatic. 


Discussion 


Transcatheter embolization of bleeding arteries, arte- 
riovenous fistulae, or feeding arteries of tumors is now 
com nonly performed worldwide with varying degrees of 
success. Reabsorbable material can be used in bleeding 
arteries, since temporary occlusion will produce defini- 
tive hemostasis. A different problem is encountered 
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Fig. 1.—A, Left vertebral 


artery injection (flow rate, 10 ml/sec for 1 sec; film rate, six per second for 2 sec) sho 
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wing early arteriovenous shunt at leve! 


of C2 with abrupt ending (arrow) of vertebral artery (v). B, Venous phase 2 sec later showing filling of jugular vein (j) and paravertebral venous plexus. 
C, Anteroposterior projection of left vertebral artery injection demonstrating simultaneous filling of left vertebral artery (v) and veins. 





when embolization is required for treatment of congeni- 
tal arteriovenous malformations or traumatic arteriove- 
nous fistulae, or for palliation of tumors. Reabsorbable 
material (e.g., Gelfoam) is commonly used for arteriove- 
nous malformations, but the patient often requires re- 
peat embolization since recanalization of the artery Oc- 
curs. For this reason different material, such as Silastic 


spheres, is used with the embolization catheter system 
as described by Hilal and Michelsen [10]. 


Fig. 2.—Anteroposterior (A) and 
lateral (B) views of neck after embo- 
lization of left vertebral artery show- 
ing two wool coils, one at C2-C3 
and one at C4-C5. 


Experimental work [10] using liquid Silastic which 
polymerizes within the vascular system produces com- 
plete occlusion of the large and small arteries, including 
at times the direct communication with the veins. To 
avoid reflux of small emboli or liquid Silastic into adja- 
cent arteries, a double-lumen balloon catheter has also 
been suggested [10]. The balloon occludes the orifice of 
the artery permitting controlled passage of the liquid 
distally for complete occlusion of the artery without 
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Fig. 3.—Left vertebral artery injection 5 min after intro- 
duction of second coil (flow rate, 3 ml/sec for 3 sec; film 
rate, two per second for 5 sec) showing complete occlu- 
sion of left vertebral artery and arteriovenous fistula (ar- 
row). Bruit had disappeared immediately. 


reflux. Bucrylate (isobutyl 2-cyanoacrylate), also used 
experimentally, is very irritative; since it solidifies imme- 
diately on contact with blood, a good technique must be 
developed [15-18] to prevent the Bucrylate from adher- 
ing to the catheter. 

The technique described by Gianturco et al. [14] is 
applied only to abdominal organs, because the catheter 
is short and does not permit application to distant 
arteries. Our modification of the system permits an 
extension of this technique to other arteries and has 
proved to be very successful. Alternatives to the wool 
coil technique could include a detachable balloon or a 
large embolus formed from compressed Ivalon. 
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Reduction of Jejunogastric Intussusception during Upper Gastrointestinal 
Examination 


WILLIAM J. MARX’ 


Jejunogastric intussusception is an ever-present risk and 
a potentially lethal complication of gastric surgery. The 
incidence of jejunogastric intussusception has been es- 
timated to be three in 2,000 gastroenterostomies 
(.0015%) [1]. It has been a reported complication of 
virtually every type of gastroenterostomy from 5 days to 
35 years after surgery [2]. Since it was first described by 
Bozzi in 1914 [3], over 150 cases have been reported. 
However, few reports have appeared in the radiologic 
literature, and none have shown reduction of the intus- 
susception during an upper gastrointestinal examina- 
tion. 


Case Report 


A 49-year-old black female was admitted to the University of 
Chicago Hospitals and Clinics with the complaint of intermittent 
abdominal pain for 1 month. She had had a Billroth II operation 
with a hemigastrectomy 9 years earlier and four periods of 
hospitalization in the interim for the same complaint. Although 
a diagnosis of jejunogastric intussusception was made on the 
last admission only, a review of previous upper gastrointestinal 
examinations showed a bulky nodular filling defect, with stria- 
tions typical of jejunogastric intussusception, within the gastric 
remnant. In previous hospitalizations the acute symptoms had 
subsided after nasogastric suction and intravenous fluid ther- 
apy, and no diagnosis was made. 

During this last admission, upper gastrointestinal examina- 
tion again demonstrated a nodular filling defect in the gastric 
remnant, representing an intussuscepted portion of the efferent 
loop of the small bowel (fig. 1A). In the course of the examina- 
tion, a spontaneous reduction of this loop of small bowel was 
observed (fig. 1B), and a diagnosis of chronic intermittent 
jejunogastric intussusception was made. At endoscopy the 
stoma was widely patent. Except for hypertrophic erythematous 
folds of the stomach and jejunum, no evidence of intussuscep- 
tion was seen. 


Discussion 
Etiology 


There are many theories on the etiology of jejunogas- 
tric intussusception, but no cause common to all cases 
has been found. In a review of the 96 cases in the 
literature up to 1966 [2], 54% had Polya anastomoses, 
and 38% had Billroth Il gastroenterostomies. Both pro- 
cedures produce widely patent gastroenteric anasto- 
moses, which may favor jejunogastric intussusception. 
Shiffman and Rappaport [2] emphasized that loose mu- 
cosa at the anatomotic site may prolapse into the gastric 
pouch during normal peristalsis. This could explain the 
less common afferent loop intussusception, but not the 
bulk of the jejunogastric intussusceptions [4] (fig. 2). 
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In 1948, Aleman [5] suggested that the cause might be 
functional, since retrograde peristalsis occurs physio- 
logically in the small bowel. However, he noted that 
retrograde peristalsis can also be induced by an unusual 
element in the diet. Perman (cited in [5]) observed that 
widening of the upper jejunum occurs gradually follow- 
ing gastroenterostomy, which tends to produce jejuno- 
gastric intussusception as a late complication. Burdman 
[6] stated that an unusually severe contraction of the 
intestine could initiate jejunogastric intussusception, 
and the contracted segment could then prolapse in a 
retrograde manner into the relaxed proximal segment of 
the gut. 

In 1957, Hertzberg and Vestby [7] summarized the 
conclusions of earlier authors as follows: since no path- 
ologic change could be found in the intussusceptum, 
the causative mechanism was believed to be functional, 
probably related to spasm and peristalsis. Hyperperistal- 
sis in the small bowel after gastric surgery [8], in addition 
to excessive mobility of the jejunum [9], could promote 
intussusception. Antecolic anastomosis also contributes 
to this excessive mobility and thereby favors intussus- 
ception. 


Clinical Presentation 


The two main types of jejunogastric intussusception 
are acute and chronic recurrent [6]. Acute delayed jejun- 
ogastric intussusception can occur months or years after 
gastric surgery. The patients are seen as acute surgical 
emergencies, and symptoms include nausea and vomit- 
ing, colicky abdominal pain, and hematemesis [2, 5, 7, 
10-15]. An umbilical mass is often palpable on the left. 
The cause of this emergency is incarceration of the 
intussusceptum [16]. Mortality rates rise sharply with 
delay of surgical decompression of this upper intestinal 
obstruction: 10% within 48 hr and over 50% in 96 hr [5, 
13, 14]. Of seven cases of acute postoperative jejunogas- 
tric intussusception reported by Jackman and Middle- 
miss [10], only one required additional surgery; the 
others recovered following treatment by gastric suction 
and intravenous fluids. 

Chronic recurrent jejunogastric intussusception is fre- 
quently characterized by recurrent abdominal pain re- 
lieved by intermittent vomiting. The diagnosis is made by 
upper gastrointestinal tract examination, and the treat- 
ment usually consists of gastric suction and intravenous 
fluids [10, 17]. When incarceration of the chronic recur- 
rent type of jejunogastric intussusception occurs, it 
presents clinically as the acute type. 
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Fig. 1.—Upper gastrointestinal examination. A, Bulky nodular filling defect within barium-filled gastric pouch represents 
intussuscepted efferent loop. B, 6 min later there is spontaneous reduction of jejunogastric intussusception. 
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Fig. 2.— Types of jejunogastric intussusceptions. A, Normal 
anatomy. B, Type 1—afferent loop intussusception. C, Type 2— 
efferent loop intussusception. D, Type 3— combined afferent and 
efferent loop intussusception. 


Radiography 


The cardinal radiographic feature of jejunogastric in- 
tussusception is the demonstration of a helical filling 
defect within the gastric pouch during an upper gastroin- 
testinal examimation [2, 7, 13]. This represents the pres- 
ence of contrast material between the valvulae conni- 
ventes and surrounding the intussusceptum. Our case 
demonstrated a nodular bulky appearance of the intus- 


SuSseeptum, which should also be recognized as an 
important sign of jejunogastric intussusception [2, 10, 
16]. Other radiographic findings are suggestive of this 
condition: in the case of a gastroenterostomy without 
gasc resection, barium reentering the stomach from 
the ferent loop, displacement of the pylorus and duo- 
dena bulb to the right, or dilatation of the duodenal loop 
may be seen; in the case of a gastroenterostomy with or 
without a gastric resection, gastric dilatation and reten- 
tion may be present [13]. 

Simce chronic recurrent intussusception is intermit- 
tent a negative laparotomy does not disprove the diag- 
noss [15]. It also follows that a negative gastroscopy 
does not contradict the upper gastrointestinal findings. 
It is mportant to attempt to differentiate acute from 
chronic recurrent intussusception because of the poten- 
tially ethal complications of the acute type. If the intus- 
susceptum can be reduced during upper gastrointes- 
tina examination, the intussusception can be consid- 
erec the chronic recurrent type. Some jejunogastric 
intussusceptions may be reduced at fluoroscopy be- 
cause of the favorable direction of the pressure exerted 
by tne barium [15]. In other cases, glucagon-induced 
hyptonia may promote reduction. 
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Spontaneous Rupture of a Calyceal Divarticulum during Urography 


SIDNEY ULREICH,' DAVID A. LUND, AND JAMES J. JACOBSON 


Numerous reports have described the complications 
associated with calycea! diverticula: stones [1], milk of 
calcium [2], and infection with sympathetic pleural effu- 
sion [3]. A case of rupture of renal cysts into the pyelo- 
calyceal system simulating calyceal diverticula has also 
been reported [4]. To our knowledge, this is the first 
demonstration of spontaneous rupture of a calyceal 
diverticulum during excretory urography. 


Case Report 


A 26-year-old white female had a 1 day history of right lower 
quadrant and flank pain. There was moderate tenderness in the 
right flank. Urinalysis showed microscopic hematuria but no 
pyuria. 

Preliminary film of the abdomen showed a 0.2 cm calcifica- 
tion in the region of the distal right ureter. Intravenous urogra- 
phy was performed without compression using 100 ml diatri- 
zoate meglumine. A 5 min film demonstrated a 3.0 x 3.2 cm 
calyceal diverticulum originating from the upper pole calyx of 
the right kidney (fig. 1). The right ureter was minimally dis- 
tended and, in this and subsequent films, typical changes of 
distal right ureteral obstruction were present. The left renal 
drainage system and the bladder appeared normal. A 40 min 
film clearly demonstrated subcapsular extravasation of contrast 
(fig. 2). There was no concomitant change in the symptom 
pattern. Intermittent right flank pain persisted for the next 2 
days but was relieved by the passage of 0.2 x 0.2 x 0.1 cm 
calculus. Analysis showed it to be composed of a nucleus of 
apatite (5%) and a body of calcium oxalate monohydrate (95%). 

Intravenous urography was repeated the day after passage of 
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the caleulus. No surgical or manipulative procedures had been 
perfcrmed in the interval. The calyceal diverticulum was again 
demenstrated but was smaller, measuring 2.6 x 1.8 cm. No 
extrava ation of contrast appeared during this examination, 
anc all indings relating to ureteral obstruction had cleared. 


Discussion 


A calyceal diverticulum was first described in 1941 [5] 
anc su sequently redescribed and discussed in numer- 
ous pavers under a variety of descriptive terms. Several 
theories of pathogenesis of calyceal diverticula have 
been reviewed by Middleton and Pfister [1]. It has been 
proposed that these diverticula arise as residuals of the 
rupture of a simple serous cyst into the collecting sys- 
tem; “hat they are due to progressive dilataticn of a calyx 
which #therwise retains its narrow neck; and that they 
resul f om fibrosing infundibular stenosis secondary to 
stone formation in the calyx. Middleton and Pfister [1] 
have psoposed a congenital hypothesis. They suggest 
that en of the ureteral bud branches may fail to influ- 
ence t= formation of a renal vesicle and instead con- 
tinue tc grow out into the renal parenchyma, generating 
further branching and later consolidating into a cyst 
Cavity. 

Review of the early films of the urogram in our case 
shows fndings which typify a calyceal diverticulum: an 
eccertr< location, a narrow communication between 
the dweticulum and the adjacent calyx, and 2arly opac- 


Fig. 1.—5 min film of intravenous 
urogram demonstrating calyceal di- 
verticulum originating from upper 
pole calyx of right kidney. Note mod- 
erate right ureterectasis. Although the 
right psoas margin is obscured, this 
finding was not consiszent in other 
films and may be related to splinting 
rather than edema. 
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ification with contrast. It is possible, though not docu- 
mented, that the calculus responsible for this clinical 
episode may have initially formed in the calyceal divertic- 
ulum and then migrated into the distal ureter. We hy- 
pothesize that the partial obstruction caused by this 
calculus combined with the diuresis from the contrast 
agent resulted in increased pressure in the calyceal 
diverticulum and its subsequent rupture. The event did 
not alter the course of the patient's recovery and was 
apparently of no clinical consequence. 
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Fig. 2.—Tomogram of right kidney 40 min after injection 
demonstrating subcapsular extravasation of contrast from 
calyceal diverticulum. 


Pancreatic Cystadenocarcinoma: CT Body Scan and Gray Scale 
Ultrasound Appearance 


BARBARA CARROLL! AND W. FREDERICK SAMPLE? 


Pancreatic cystadenomas and cystadenocarcinomas are 
uncommon neoplasms, but they compose the majority 
of true neoplastic cysts of the pancreas. We report the 
CT body scan and gray scale ultrasound appearance of a 
mucinous cystadenocarcinoma of the pancreas and dis- 
cuss the value of correlating both modalities to facilitate 
diagnosis. No other report of the gray scale ultrasound 
or CT body scan appearance of this lesion could be 
located. 


Case Report 


A 50-year-old male reported abdominal pain associated with 
elevated serum amylase 9 years earlier. Six years prior to the 
current admission, he experienced right upper quadrant pain 
without associated fever or jaundice. He underwent exploratory 
laparotomy; intraoperative cholangiogram was normal. Intra- 
operative pancreatogram showed cystic dilatation of the mid- 
portion of the pancreatic duct. A cholecystectomy and a Roux- 
en-Y drainage of the midportion of the pancreatic duct to the 
jejunum were performed. Following surgery, he experienced 
recurring episodes of left upper quadrant pain (two per year), 
usually associated with viral symptoms but without amylase 
elevation. 

Two weeks prior to the current examination, he experienced 
persistent left upper quadrant pain associated with prostration 
and dropping hematocrit. Anontender left upper quadrant mass 
was palpated. The patient denied trauma or excessive alcohol 
intake. Ultrasound examination showed a complex multicystic 
mass in the pancreatic region with thick walls and areas of high 
echogenicity within the solid components (fig. 1). A CT body 
scan following injection of intravenous contrast and Gastro- 
grafin ingestion showed a large multilocular septated thick- 
walled cyst in the tail and body of the pancreas (fig. 2). No 
calcium or adherent bowel was demonstrated. 

Repeat ultrasound demonstrated a complex, predominantly 
cystic mass containing internal septations, highly echogenic 
soft tissue solid components, and additional echogenic areas 
appearing to line the cyst walls (fig. 3). No acoustic shadowing 
was demonstrated. 

At surgery, an 8 x 8 x 6 cm pancreatic mucinous cystadeno- 
carcinoma was resected. The tumor contained multiple cysts; 
the largest was 4 cm in diameter, contained large quantities of 
mucin, and was lined by columnar epithelium. The tumor 
contained no calcium. 


Discussion 


Pancreatic cystadenomas and cystadenocarcinomas 
are uncommon lesions: only 251 were reported by Dor- 
mandy and Lewis in their 1971 review of the literature 
[1]. Unlike pancreatic pseudocysts, these tumors have 
no association with a history of trauma or alcohol abuse, 
and occur most commonly in females. The onset of 
symptoms is insidious. A palpable mass is frequently 
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prese nt. Lesions are commonly located in the pancreatic 
tail and body and often attain sizes greater than 10 cm in 
diameter prior to diagnosis [2-7]. Histologic differentia- 
tiom of benign and malignant lesions may be extremely 
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Fig. 1.—Transverse scan in right decubitus posi- 
tion. Spleen (S) and left kidney (K) adjoin large com- 
plex mass (arrows). Solid components of mass within 
loculated compartment nearest spleen and kidney 
demonstrate highly echogenic areas (open arrow). 





Fig ž.—CT scan 8 cm inferior to xiphoid, following ingestion of 
Gastregrfin and administration of intravenous contrast agent. Multiloc- 
ulated mass anterior to left kidney does not contain calcium or Gastro- 
grafin (aerows). 


i Department of Radiology, Stanford University Medical Center, Stanford, Californie 94305. Address reprint requests to B. Carroll. 
* Section of Ultrasound and Computed Body Scanning, University of California, Las Angeles, California 90024. 


Am J Roentgenol 131:339-341, August 1978 
© 1978 American Reentgen Ray Society 


339 0361-803X/78/08-0339 $00.00 


340 CASE REPORTS 





om =a 
a ime 


difficult. Malignant degeneration of benign cystadeno- 
mas of the pancreas is documented. For these reasons, 
complete excision of these lesions, if possible, is advo- 
cated. 

Radiographic findings are nonspecific. Although mi- 
croscopic calcification is present in 10%-18% of these 
lesions, it is infrequently demonstrated on plain films. 
Celiac angiography commonly demonstrates a profuse 
vascular blush containing occasional cystic spaces. Hy- 
povascular cystadenomas may show vascular draping 
and be angiographically indistinguishable from pan- 
creatic pseudocysts [8]. 

The bistable ultrasonic appearance of pancreatic cys- 
tadenomas has been described as an anechoic lesion 
with internal septations [9]. Our case of cystadenocarci- 
noma confirms these findings and, in addition, demon- 
strates soft tissue high echo areas within the solid tumor 
component. Additional echogenic regions show a curvi- 
linear configuration and appear to line many cystic 
regions within the mass. 

Highly echogenic structures can represent calcium, 
fibrotic tissue, hair balls in dermoid cysts, highly vascu- 
lar structures, chorionic tissues, and contracted blood 
clot. A recent report describes a highly echogenic ap- 
pearance found in mucin-producing tissues lining the 
bowel walls [10]. The ultrasound appearance of this 
lesion revealed no shadowing, making calcifications 
unlikely; CT scan confirmed the absence of calcification 
and the absence of bowel adherent to the lesion. The 
curvilinear configuration of echogenic regions lining 
cystic areas in the mass is atypical of retracted blood 
clots. 

Combining the information available on ultrasound 
and CT body scan, the findings are those of a complex 
mass with highly echogenic areas. Recent information 
describing the strongly echogenic appearance of bowel 
mucosa correlates with the mucin-producing component 
of this lesion. The appearance of the mass was therefore 
very compatible with the diagnosis of pancreatic muci- 
nous cystadenoma or cystadenocarcinoma. 


Fig. 3.—Transverse supine scans 
of left upper quadrant. A, Areas of 
increased echogenicity (open ar- 
rows) appear to line walls of cystic 
components of left upper quadrant 
mass (arrows) lying anterior to left 
kidney (k) and medial to spleen (s). 
B, Internal septation (arrow) within 
anechoic portions of mass (open ar- 
rows). 


Pancreatic pseudocysts uncommonly appear as multi- 
loculated structures; however, the large, highly echo- 
genic soft tissue component in this tumor makes this 
diagnosis less likely [11, 12]. Pancreatic abscesses rarely 
demonstrate the smooth walls seen on both ultrasound 
and CT. Although adherent bowel loops might appear 
this way, they were excluded on CT examination. Lym- 
phoma may appear ‘cystic’ due to its homogeneous 
composition; however, the ultrasonic demonstration of 
smooth, well defined walls and septations and the low 
CT attenuation make this diagnosis unlikely. Multilocular 
pancreatic retention cysts, cystic rhabdomyosarcomas, 
leiomyosarcomas, and islet cell tumors may appear as 
multicystic masses, but they are less common than 
cystadenomas, possess a greater solid component, have 
less well defined cysts, and only have echogenic com- 
ponents after therapy. 

Ultrasound and CT body scanning are noninvasive 
means of evaluating the pancreatic region. This case 
demonstrates how different information regarding den- 
sity and elasticity obtained from two modalities may 
point to a more specific diagnosis. The CT scan helps 
differentiate the mass from matted bowel loops and 
shows no calcium within the mass, while the ultrasound 
findings of highly echogenic regions lining portions of 
the cysts and lying within the solid portions of the mass 
were suggestive of a mucosal epithelium in this case. 
Recognition of the new ultrasound feature of echogenic 
components related to mucin-producing mucosa may 
further facilitate diagnosis so long as calcium and bowel 
can be excluded. CT can provide this complementary 
diagnostic information. 
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Extravasation of Ethiodol into Deep Tissues of the Foot: A Complication 
of Lymphangiography 


BRUCE E. RUBIN’ 


Lymphangiography is a relatively safe procedure, al- 
though frequent minor local and systemic complications 
occur [1-5]. Those experienced with the procedure 
achieve a high percentage of successful examinations 
with a low incidence of morbidity [3, 6]. Significant 
complications of lymphangiography have been recog- 
nized and discussed thoroughly [1-3, 7]. A case of 
extravasation of Ethiodol into the deep soft tissues of the 
dorsum of the foot is described which followed unsuc- 
cessful placement of the needle into the lymphatic 
channel. 


Case Report 


A 73-year-old male had been treated for 8 years for two 
primary malignancies; transitional cell carcinoma of the bladder 
and well differentiated infiltrating adenocarcinoma of the pros- 
tate. He was referred for lymphangiography because of com- 
plaints of leg and back pain. A lymphatic on the dorsum of the 
right foot was exposed and cannulated readily using a Tegt- 
meyer lymphangiographic device [8]. A total of 6 ml! Ethiodol 
was injected over 45 min (our usual volume and flow rate). 
Because of a paucity of lymphatic channels on the dorsum of 
the left foot, several attempts were made to cannulate very tiny 
channels with a 30 gauge needle. Finally, a small lymphatic was 
thought to be cannulated; however, Ethiodol was seen to leak 
readily. Fluoroscopic evaluation of the flow demonstrated 
scanty but definite flow within the lymphatic channel. The 
injection was continued in the hope that enough contrast would 
reach the pelvis to evaluate the lymph nodes in that region. 

When the examination was completed, incomplete filling of 
the lymph channels and lymph nodes on the left side was noted 
while the right side had adequate filling. The incisions were 
irrigated with saline, sutured, and healed without incident. 

Five weeks later, the patient reported persistent discomfort in 
his foot in the area of the incision. Examination revealed the 
incision was well healed with no evidence of swelling, tender- 
ness, or erythema. Radiographs demonstrated a large amount 
of Ethiodol just under the skin surface dissecting into the 
deeper tissues of the foot and toes (fig. 1A). The patient was 
informed of the findings and was told that the discomfort would 
diminish gradually over several months. At 8 months and 10 
months after the procedure, the patient reported minor foot 
discomfort which had improved considerably since the original 
study. Radiographs 10 months after the procedure demon- 
strated significant resorption of the Ethiodol (fig. 18). 


Discussion 


Although technically the patient had a ‘minor’ com- 
plication resulting from the procedure, he suffered un- 
expected and considerable discomfort. This discomfort 
was described as a ‘soreness’ which was almost con- 
stantly present. He did not request pain medication. 
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During the 11 months that he was followed, the discom- 
fort in his foot decreased as the amount of Ethiodol in 
the soft tissues decreased. 

Ethiodol is an iodinated contrast material with an oil 
vehicle. Because the oil does not diffuse readily, it will 
remain in lymph nodes for several months. The oily 
contrast material is phagocytized by polynuclear giant 
cells and metabolized by esterases to sodium iodide. 
Following elimination of the oily substance from the 
nodes, the foreign body reaction subsides [1]. It is 
thought that a similar reaction might occur in the non- 
lymphatic soft tissues. Since the soft tissues of the foot 
are in motion almost constantly, a greater tissue reaction 
may occur and cause the low grade pain and discomfort. 

Lymphatics in older patients tend to be more fragile 
and difficult to cannulate. This is also true in infants and 
in certain pathologic states such as lymphedema, or 
following inguinal lymphadenectomy. 

It has been stressed that the flow of Ethiodol in the 
lymphatics should be evaluated immediately to ascertain 
that a venous injection is not performed [1, 2, 6, 9]. The 
need for direct radiographic monitoring of the foot 
during injection of lymphangiographic contrast material, 
especially when there is apparent leakage, has not been 
emphasized. In this patient, because of mechanical limi- 
tations of the examination table, it was inconvenient to 
view the lower extremity below the midcalf. Although 
there was free leakage of contrast at the injection site, 
there was no suspicion that contrast was dissecting into 
the deeper tissues of the foot. 

Review of the literature regarding local complications 
of lymphangiography disclosed no discussion of extrav- 
asation of contrast into the soft tissues of the foot [1-4, 
7]. Local complications discussed include infection of 
the incision site, slow wound healing, and local irritation 
accompanied by rash [10]. The only pain described as 
occurring during the procedure related to too rapid 
injection of contrast into lymphatics [7]. Most patients 
experience a mild sensation of fullness or cramping in 
the calf. There have also been reports of extravasation of 
contrast in the region of the abdomen and groin, far 
from the injection site [11, 12]. 

Because extravasation of Ethiodol into the soft tissues 
of the foot can occur during a difficult needle placement, 
the patient should be so positioned that the injection site 
can be monitored by fluoroscopy or radiography. If 
extravasation into the soft tissues does occur, the injec- 
tion should be stopped immediately so that patient 
discomfort does not ensue. This additional precaution 
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should be incorporated into the lymphangiogram proce- 
dure especially in patients with poor flow of Ethiodol 
when there has been difficulty with needle placement, or 
when leakage occurs. 
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Fig. 1.—A, Radiograph 5 weeks 
after lymphangiogram showing ex- 
travasation of Ethiodol into deep soft 
tissues. Ethiodol has dissected to toes 
and appears limited by skin surface 
and tendon sheaths; ccntrast is amor- 
phous and poorly defined. B, Radio- 
graph 10 months after lymphangio- 
gram showing considerable resorp- 
tion of Ethiodol although residual 
contrast remains. 
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Detection of a Cerebrospinal Fluid Fistula by Computed Tomography 


JONATHAN M. LEVY,’ FRED K. CHRISTENSEN,? AND PAUL W. NYKAMP'’ 


Computed tomography (CT) has revolutionized the prac- 
tice of neuroradiology. The utility of CT in detection of 
infarcts, tumors, and other intracranial abnormalities 
has been well documented. To our knowledge this is the 
first case of an air-filled cerebrospinal fluid fistula docu- 


mented by CT. 
Case Report 


A 42-year-old white male had a transnasal ethmoidectomy at 
another hospital for chronic ethmoiditis. Six days after dis- 
charge, he was readmitted to the hospital with confusion and 
headache. He had copious nasal discharge. Skull films revealed 
pneumocephalus. He was referred to our institution for neuro- 
Surgical evaluation. 

On examination, the patient's blood pressure was 130/80, 
pulse 58. He would lie asleep unless disturbed, and could 
answer questions but preferred not to talk. He had mild nuchal 
rigidity. Pupils were equal and reactive, and fundoscopic ex- 
amination was normal. He had profuse rhinorrhea from both 
nostrils. Lumbar puncture was performed and the specimen 
sent for chemical and bacteriologic analysis. He was admitted 
with a diagnosis of pneumocephalus and possible meningitis. 

A CT scan was performed which showed a tract extending 
from the right ethmoid air cells to the anterior horn of the right 
lateral ventricle (fig. 1A). Coronal sections demonstrated the 


entire length of the fistulous tract (fig. 1B). On the third day 
after admission, a bicoronal scalp flap was turned. The right 
frontal lobe was exposed and retracted, exposing the cribiform 
plate. The brain could be seen herniating through a large hole 
in the cribiform plate approximately 1 cm in diameter. A piece 
of temporalis fascia approximately 2 cm square was sutured 


over the hole. 
The patient's condition deteriorated slowly over the next 10 


days. Cerebrospinal fluid cultures were negative; and no further 
leak could be detected. He died 10 days after surgery. At 
autopsy, the brain showed inflammatory and infarctive changes 
in the anterior perforating substance. There was vasculitis both 
adjacent to and at some distance from the fistula. The fistulous 
tract into the right frontal horn had closed to a narrow slit. 


Discussion 


Numerous techniques for the identification of sites of 
cerebrospinal fluid rhinorrhea have been reported. Con- 
ventional films of the base of the skull as well as conven- 
tional tomography are sometimes helpful in localizing a 
fracture site and thereby the site of leakage. However, 
these techniques are often unrewarding, and the dural 
tear may be at some distance from the site of the 


extracranial leak [1, 2]. 


Fig. 1.—A, CT scans, transverse 
sections. Upper left, Lowest section 
showing hole in cribiform plate. Up- 
per right, Fistulous tract. Lower left, 
Tract adjacent to lateral ventricle. 
Lower right, Tract entering anterior 
horn of ventricle. B, Coronal section 
showing entire length of tract ex- 
tending from ethmoid sinus to ante- 
rior horn of right lateral ventricle. 
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Dyes and fluorescent substances have been used to 
localize cerebrospinal fluid fistulas [3]. These are in- 
jected intrathecally, cotton pledgets placed in the nose, 
and the pledgets then observed for dye to localize the 
site of leak. Most of these dyes, and particularly methyl- 
ene blue, can cause significant morbidity [1]. Radioac- 
tive tracers such as "Tc human serum albumin have 
also been used for detection of leaks, both by pledget 
counting and by cisternography using the method de- 
vised by di Chiro (cited in [4]). These techniques are not 
uniformly successful. Positive contrast radiography with 
Pantopaque to detect fistulas has also been associated 
with meningeal irritation [5]. 

The anatomic site and extent of the cerebrospinal fluid 
fistula in our case was accurately detected by CT. Admit- 
tedly, this large leak would probably have been detected 
by several of the other methods described. However, the 
ease of performance and anatomic detail provided by CT 
are greater than those of the other techniques. Recent 
introduction of water soluble contrast material for mye- 
lography, combined with CT, has provided a new dimen- 
sion in visualizing the basal subarachnoid cisterns [6]. A 
fistula from the sphenoid sinus to the nares has been 
detected using this method [7], and smaller fistulas 


shouid be detectable using contrast material. The detec- 
tion əf cerebrospinal fluid fistulas is another example of 
the remarkable utility of CT in the evaluation of intracra- 
nial Cisease. 
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Technical Notes 


Computed Sagittal Tomography of the Orbit 


MATS HAVERLING' AND HELENA JOHANSON' 


Computed tomography is a well known and rather simple 
method of demonstrating intracranial and intraorbital 
lesions. It offers a less hazardous technique than those 
earlier used for intraorbital tumors, such as angiography 
or phlebography. The standard examination of the orbit 
is carried out with scans in the transaxial (transverse) 
plane. However, it is sometimes difficult to relate the 
lesion to the other structures within the orbit on these 
scans alone. Therefore, scans in near-sagittal planes of 
the orbit have for some time been used at the Department 
of Ophthalmological Radiology at Karolinska sjukhuset. 


Technique 


The examinations are performed on a Delta-Scan 50 
CT scanner on patients in whom there is suspicion of an 
intraorbital expansive process. The examination starts 
with scans in the transaxial plane of the orbit with and 
without intravenous injection of contrast medium. If an 
expansive lesion is discovered, the examination is con- 
tinued with sections in the sagittal plane. This examina- 
tion is carried out with the patient in an oblique prone 
position on a mattress 20-25 cm thick. A cushion with a 
triangular cross section supports the upward turned side 
of the thorax. The head is bent downward and turned so 
that its sagittal plane is almost parallel to the cross- 
sectional area of the opening of the gantry when it is 
tilted 20° caudally to the patient (fig. 1). A thin cushion is 
placed under the head. The eye closest to the gantry is 
examined. 

The first sagittal section is obtained by positioning the 
head with the indicator laser beam as parallel as possible 
to the ridge of the nose and over the medial part of the 
examined orbit. Three slices each 13 mm thick are 
obtained. If necessary, two more slices are obtained with 
the first 7 mm lateral to the initial one in the first series. 
The exposure values used are 124 kV and 30 mA. The 
dose to the eye is not more than 1 rad per series of 
sections obtained in the sagittal plane and 0.6 in the 
transaxial plane. 


Discussion 


Computed tomography gives excellent visualization of 
intraorbital expansive processes (figs. 2A and 3A). How- 
ever, the standard examination in the transaxial plane 
does not always give satisfactory localization of all the 


Received July 5, 1977; accepted after revision March 31, 1978. 


— 





Fig. 1.—Patient position for sagittal scanning of orbit. Patient is 
placed in oblique prone position on thick mattress; head is placed with 
sagittal plane almost parallel to cross-sectional plane of gantry. Left orbit 
is being examined. 





Fig. 2.—A, Transaxial scan of orbits showing large cavernous heman- 
gioma in posterior part of right orbit. B, Sagittal scan of right orbit 
showing same large cavernous hemangioma in lower posterior part of 
orbit. 


details. As in conventional radiographic examinations, 
examinations in two almost perpendicular planes are of 
value for the exact localization of a structure or lesion. A 
technique including an almost sagittal series of scan 
sections (figs. 2B and 3B) has therefore been introduced. 
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Fig. 3.—A, Transaxial scan of orbits showing tumor in posterior part 
of left orbit adjacent and lateral to optic nerve. B, Sagittal scan of left 
orbit showing same tumor in most posterior part of orbit just in front of 
optic canal. No histologic proof. 


It has been found of value in the accurate localization of 
intraorbital expansive processes in relation to other 
structures. 

The oldest person examined for an intraorbital lesion 
was a 63-year-old man (fig. 2). No problem arose in 
connection with the examination, and the patient main- 


tained the position without difficulty. The oldest patient 
examined in the sagittal plane of the skull for investiga- 
tion of expansive processes within and above the sellar 
region was 77 years old. Another patient with severe 
rheumatic joint lesions has also been examined satisfac- 
toril». 

It $ possible to reconstruct the original transaxial scan 
data in order to provide sections in the coronal and 
sagital planes, but at the expense of a four times higher 
dose to the patient. Our technique gives only a two times 
higher dose. Moreover, the images obtained are superior 
to those available after processing of the transaxial data. 
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Water Distention of the Gut in the Evaluation of the Pancreas by Ultrasound 


MICHAEL CRADE,' KENNETH J. W. TAYLOR, AND ARTHUR T. ROSENFIELD 


Despite many descriptions of the use of ultrasound to 
visualize the boundaries of the pancreas, examiners are 
often frustrated by bowel gas, artifact, and technical 
inability to exactly define this organ. Giving water has 
been recently described as a method of filling out the 
stomach to better evaluate questionably abnormal echo- 
genic patterns in the left upper abdomen [1]. We found 
that water distention of the stomach and duodenum 
better outlines the anatomic boundaries and character 


of the pancreas. 














Technique 


With the patient supine, initial serial longitudinal and 
transverse scans are made to localize the various ana- 
tomic structures which can be used as landmarks for 
estimation of pancreatic boundaries [2]. On a transverse 
section produced by a simple sector scan in a fasting 
patient, the gallbladder lumen and head of the pancreas 
are seen. Between these structures, the second part of 
the duodenum is seen either as a highly reflective area 


Fig. 1.—Transverse scan, patient 
supine. A, Lumen of gallbladder (g) 
is lateral to air-filled duodenum (d). 
Pancreatic head (arrow) not well vis- 
ualized. B, Shadowing (s) caused by 
retained secretions and food within 
lumen of duodenum (arrow). Again, 
position of pancreatic head (arrow- 
head) is medial, but not well seen. 
g = gallbladder. 


Fig. 2.—A, Water given with patient supine distends stomach (S) and partially outlines pancreatic tail (arrows). B, As patient is rotated into right-side- 
down decubitus position, water is followed by short transverse sector scans. As water enters antrum, pylorus, and duodenum (d), pancreas is well 
seen. Posterior border of pancreas is defined by splenic vein (arrow) and superior mesenteric vein (v). S = stomach, a = aorta. C, With patient prone, 
positions of spleen (Sp), kidney (k) and water-filled stomach (S) form boundaries of pancreatic tail (arrow). 
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with shadowing due to an air bubble or as a fluid-filled 
lumen containing particles due to retained food and 
mucin (fig. 1). When the stomach and third part of the 
duodenum are filled with water, the pancreas is better 
outlined, since gas which otherwise interferes with pan- 
creatic examination is displaced. 

The patient is then placed in a left-side-down position 
and asked to drink 300 ml of tap water. A straw is used to 
minimize swallowed air. The supine position is again 
resumed, and scanning at this time reveals a fluid-filled 
gastric fundus. Air bubbles can often be seen, but they 
soon clear (fig. 2A). In the supine position, the antrum 
may sometimes distend with water. If not, the patient is 
placed in a slight right-side-down decubitus position, 
thereby allowing ultrasonic visualization of the body of 
the pancreas via the interface of the water-filled stom- 
ach. Serial transverse sections are recorded to document 
pancreatic anatomy. 

To better define the pancreatic head, the patient is 
next placed in a severe right-side-down decubitus posi- 
tion while short transverse section scans are made. In 
this manner, the bolus of water is followed through the 
pylorus and into the duodenum, distending that struc- 
ture around the pancreatic head (fig. 2B). Serial sections 


are-ihen taken, with slight change in patient positioning, 
if needed, to better assess pancreatic head anatomy. The 
patient is then placed in the prone position, and the tail 
of the pancreas is scanned in the longitudinal plane 
through the left kidney. Additional water can be given to 
distema the stomach, thereby improving visualization of 
the pancreas (fig. 2C). 

Trus by moving the patient progressively toward a 
right-side-down decubitus position, portions of the pan- 
creas-are selectively visualized as water distends border- 
ing gut lumen. These maneuvers are of aid in optimal 
delir cation of the pancreas. 
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The Hook Sign in Type 3 Congenital Colonic Atresia 


ALBERT C. SELKE, JR.' AND JUDA Z. JONA? 


The accepted classification of intestinal atresia proposed 
by Louw [1] in 1959 is: 

Type 1. One or more septa or diaphragms completely 
occlude the lumen. 

Type 2. Proximal and distal blind ends are joined by a 
threadlike structure. The mesentery may or may not have 
a defect. 

Type 3. Proximal and distal blind ends are completely 
separated. The adjoining mesentery has a V-shaped 
defect. 

Contrast enemas performed on newborns with types 1 
and 2 colonic atresia will show an abrupt nondistorted 
termination of retrograde flow at the anatomic level of 
obstruction. In patients with type 3 atresia (fig. 1) the 
enema will demonstrate a characteristic hooking of the 
colon proximal to where retrograde flow is halted. This 
hook is caused by a “recoiling” of the proximal portion 
of the distal atretic segment which is totally free and is 
mobile by virtue of the associated mesenteric defect 


(fig. 2). 


A 


Fig. 1.—Hypaque enemas on two neonates with type 3 colonic atresia demonstrating hook sign of proximal portion of distal colonic segment. 
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Although this sign for the diagnosis of type 3 colonic 
atresia has not been commented upon, it has been 
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Fig. 2.—Schematic drawing depicting type 3 colonic atresia 
with hook formation of proximal portion of distal atretic segment. 
Hook may be either forward or reverse. 
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clearly illustrated in prior reports of this form of the 
anomaly [2-4]. 
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Special Report: 


International Nomenclature of Constitutional Diseases of Bone 


Introduction 


The description and separation of new disorders ne- 
cessitated the creation of an International Nomenclature 
of Constitutional Diseases of Bone which was first devel- 
oped in Paris in 1969. Because of the rapid progress in 
the delineation and classification of these disorders, the 
international nomenclature was revised in May 1977. 
This new list includes the clearly identified forms of a 
single disease or defect. “Other forms” means that other 
forms of the disorder exist which, as yet, have not been 
defined well enough to include. 

This revision endeavors to modify the previously pro- 
posed terms as little as possible, and its primary goal has 
been to introduce the names of a certain number of new 
conditions which have been defined since the original 
conference. It is necessary to emphasize that the essen- 
tial purpose of this nomenclature is to unify the terminol- 
ogy used in this field in different parts of the world. It is 
not intended to be a classification of skeletal disorders, 
and the subdivisions proposed are devised only to clarify 
the presentation of the various disorders. 

Among the changes which have been made, attention 
is directed to the elimination of the term “dwarfism” 
which seemed somewhat offensive to the patients or 
their families. Thus the term ‘‘diastrophic dwarfism” has 
been replaced by ‘‘diastrophic dysplasia.” Moreover, the 
constitutional disorders of growth have been eliminated 
from the current list because it seems that they truly do 
not correspond to constitutional skeletal disorders; it 
has been proposed that another committee develop a 
nomenclature of syndromes in which these conditions 
ought to be included. Among constitutional disorders of 
growth, only those in which skeletal involvement is 
predominant as a manifestation have been retained and 
these are listed among the dysostoses. Metabolic disor- 
ders which involve complex sugars have been desig- 
nated, insofar as is possible, by the responsible enzy- 
matic defect. By virtue of the pathogenetic uncertainties 
which surround mucolipidosis II and IIl, these terms are 
retained in the nomenclature for the time being. 

This nomenclature has been elaborated by a group of 
experts who met in Paris in May 1977 at the request of P. 
Maroteaux. The meeting was held under the aegis of the 
European Society for Pediatric Radiology and the Na- 
tional Foundation-March of Dimes. Participants in- 
cluded J. Dorst, C. Faure, A. Giedion, J. Hall, H. J. 
Kaufmann, K. Kozlowski, L. Langer, L. Lenzi, P. Maro- 
teaux, A. Murphy, A. K. Poznanski, D. Rimoin, J. Sauve- 
grain, F. Silverman, J. Spranger, R. Stanescu, and V. 
Stanescu. 
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Osteochondrodysplasias 


Abnormalities of cartilage and/or bone growth and 
development. 


Defects of growth of tubular bones and/or spine 


A. Identifiable at birth 
. Achondrogenesis type |, Parenti-Fraccaro 
. Achondrogenesis type II, Langer-Saldino 
. Thanatophoric dysplasia 
. Thanatophoric dysplasia with clover-leaf skull 
. Short rib-polydactyly syndrome type |, Saldino- 
Noonan (perhaps several forms) 
6. Short rib-polydactyly syndrome type Il, Ma- 
jewski 
7. Chondrodysplasia punctata 
a. Rhizomelic form 
b. Dominant form 
c. Other forms, excluding symptomatic stip- 
pling in other disorders (e.g., Zellweger syn- 
drome, Warfarin embryopathy) 
8. Campomelic dysplasia 
9. Other dysplasias with congenital bowing of long 
bones (several forms) 
10. Achondroplasia 
11. Diastrophic dysplasia 
12. Metatropic dysplasia (several forms) 
13. Chondroectodermal dysplasia, Ellis Van Creveld 
14. Asphyxiating thoracic dysplasia, Jeune 
15. Spondyloepiphyseal dysplasia congenita 
a. Type Spranger-Wiedemann 
b. Other forms (see B, 11-12) 
16. Kniest dysplasia 
17. Mesomelic dysplasia 
a. Type Nievergelt 
b. Type Langer (probable homozygous dys- 
chondrosteosis) 
c. Type Robinow 
d. Type Rheinhardt 
e. Other forms 
18. Acromesomelic dysplasia 
19. Cleidocranial dysplasia 
20. Larsen syndrome 
21. Otopalatodigital syndrome 
B. Identifiable in later life 
1. Hypochondroplasia 
2. Dyschondrosteosis 
3. Metaphyseal chondrodysplasia type Jansen 
4. Metaphyseal chondrodysplasia type Schmid 
5 
6 


nk WDM — 


. Metaphyseal chondrodysplasia type McKusick 
. Metaphyseal chondrodysplasia with exocrine 


16. 
it 
18. 


. Myotonic chondrodysplasia, 


NOMENCLATURE ON BONE DISEASES 


pancreatic insufficiency and cyclic neutropenia 


. Spondylometaphyseal dysplasia 


a. Type Kozlowski 
b. Other forms 


. Multiple epiphyseal dysplasia 


a. Type Fairbanks 
b. Other forms 


. Arthroophtalmopathy, Stickler 
. Pseudoachondroplasia 


a. Dominant 
b. Recessive 


. Spondyloepiphyseal dysplasia tarda 
. Spondyloepiphyseal dysplasia, other forms (see 


A, 15-16) 


. Dyggve-Melchior-Clausen dysplasia 
. Spondyloepimetaphyseal 


dysplasia (several 
forms) 

Catel-Schwartz- 
Jampel 

Parastremmatic dysplasia 
Trichorhinophalangeal dysplasia 

Acrodysplasia with retinitis pigmentosa and ne- 


phropathy Saldino-Mainzer 


Disorganized development of cartilage and fibrous com- 
ponents of skeleton 


ONO WHY = 
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10. 


. Dysplasia epiphyseal hemimelica 

. Multiple cartilagenous exostoses 

. Acrodysplasia with exostoses, Giedion-Langer 

. Enchondromatosis, Ollier 

. Enchondromatosis with hemangioma, Maffucci 
. Metachondromatosis 

. Fibrous dysplasia, Jaffe-Lichtenstein 

. Fibrous dysplasia with skin pigmentation and 


precocious puberty, McCune-Albright 


. Cherubism (familial fibrous dysplasia of the 


jaws) 
Neurofibromatosis 


Abnormalities of density of cortical diaphyseal structure 
and/or metaphyseal modeling 


. Osteogenesis imperfecta congenita (several 
forms) 

. Osteogenesis imperfecta tarda (several forms) 

. Juvenile idiopathic osteoporosis 
Osteoporosis with pseudoglioma 

. Osteopetrosis with precocious manifestations 

. Osteopetrosis with delayed manifestations (sev- 
eral forms) 


. Pycnodysostosis 

. Osteopoikilosis 

. Osteopathia striata 

. Melorheostosis 

. Diaphyseal dysplasia, Camurati-Engelmann 
. Craniodiaphyseal dysplasia 

. Endosteal hyperostosis 


a. Autosomal dominant, Worth 
b. Autosomal recessive, Van Buchem 


. Tubular stenosis, Kenny-Caffey 
. Pachydermoperiostosis 
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. Osteodysplasty, Melnick-Needles 
. Frontometaphyseal dysplasia 
. Craniometaphyseal dysplasia (several forms) 


Metaphyseal dysplasia,Pyle 


. Sclerosteosis 
. Dysosteosclerosis 
. Osteoectasia with hyperphosphatasia 


Dysostoses 


Melformation of individual bones singly or in combi- 


naticn. 


Dysestoses with cranial and facial involvement 


A UNa 


Ss 


. Craniosynostosis (several forms) 

. Craniofacial dysostosis, Crouzon 

. Acrocephalosyndactyly, Apert (and others) 
. Acrocephalopolysyndactyly, 


Carpenter (and 


others) 


. Mandibulofacial dysostosis 


a. Type Treacher-Collins, Franceschetti 
b. Other forms 


. Oculomandibulofacial syndrome, Hallermann- 


Streiff-Francois 
Nevoid basal cell carcinoma syndrome 


Dysestoses with predominant axial involvement 


Lf 


Vertebral segmentation defects, including Klip- 
pel-Feil 


2. Cervicooculoacoustic syndrome, Wildervanck 
3. 
4. Spondylocostal dysostosis 


Sprengel anomaly 


a. Dominant form 
b. Recessive forms 


. Oculovertebral syndrome, Weyers 
. Osteoonychodysostosis 
. Cerebrocostomandibular syndrome 


Dysostoses with predominant involvement of extremities 


86 & 


mk woh 


TSBRRBSISGoam NS 


. Acheiria 
. Apodia 
. Ectrodactyly syndrome 
. Aglossia-adactyly syndrome 
Congenital bowing of long bones (several 


forms) (see also osteochondrodysplasias) 


. Familial radioulnar synostosis 
. Brachydactyly (several forms) 
. Symphalangism 

. Polydactyly (several forms) 

. Syndactyly (several forms) 

. Polysyndactyly (several forms) 
. Camptodactyly 


Poland syndrome 

Rubinstein-Taybi syndrome 
Pancytopenia-dysmelia syndrome, Fanconi 
Thrombocytopenia-radial-aplasia syndrome 


. Orodigitofacial syndrome 


a. Type Papillon-Leage 
b. Type Mohr 


. Cardiomelic syndrome, Holt-Oram (and others) 
. Femoral facial syndrome 
. Multiple synostoses (includes some forms of 
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symphalangism) 


. Scapuloiliac dysostosis, Kosenow-Sinios 
. Hand-foot-genital syndrome 
. Focal dermal hypoplasia, Goltz 


Idiopathic Osteolyses 


. Phalangeal (several forms) 
. Tarsocarpal 


a. Including Francois form (and others) 
b. With nephropathy 


. Multicentric 


a. Hajdu-Cheney form 
b. Winchester form 
c. Other forms 


Chromosomal Aberrations 


Specific entities not listed. 


Primary Metabolic Abnormalities 


Calcium and/or phosphorus 


DRON 


Hypophosphatemic rickets 

Pseudodeficiency rickets, Prader, Royer 

Late rickets, McCance 

Idiopathic hypercalcuria 

Hypophosphatasia (several forms) 
Pseudohypoparathyroidism (normo- and hypo- 
calcemic forms, include acrodysostosis) 


Complex carbohydrates 


Ti 


Mucopolysaccharidosis, type | (alpha-L-iduroni- 
dase deficiency) 

a. Hurler form 

b. Scheie form 

c. Other forms 


. Mucopolysaccharidosis, type Il, Hunter (sulfoi- 


Lipids 


DISEASES 


duronate sulfatase deficiency) 


. Mucopolysaccharidosis, type Ill San Filippo 


a. Type A (heparin sulfamidase deficiency) 
b. Type B (N-acetyl-alpha-glucosaminidase de- 
ficiency) 


. Mucopolysaccharidosis, type IV, Morquio (N- 


acetylgalactosamine-6-sulfate-sulfatase defi- 
ciency) 
. Mucopolysaccharidosis, type VI, Maroteaux- 


Lamy (aryl sulfatase B deficiency) 


. Mucopolysaccharidosis, type VII (beta-glucu- 


ronidase deficiency) 


. Aspartylglucosaminuria (aspartyl-glucosamini- 


dase deficiency) 


. Mannosidosis (alpha-mannosidase deficiency) 
. Fucosidosis (alpha-fucosidase deficiency) 
. GM1-gangliosidosis 


(beta-galactosidase defi- 
ciency) 


. Multiple sulfatase deficiency, Austin, Thieffry 
. Neuraminidase deficiency (formerly mucolipi- 


dosis l) 


. Mucolipidosis II 
. Mucolipidosis III 


. Niemann-Pick disease 
. Gaucher disease 


Nucleic acids 


ie 


Adenosine-deaminase deficiency and others 


Amino acids 


a; 


Metals 


fa 


Homocystinuria and others 


Menkes kinky hair syndrome and others 


Editoria 


Authors of Scientific Articles and the Copyright Act of 1976 


There are two parts of the Copyright Act of 1976 which 
are of particular concern to authors of articles which are 
published in scientific periodicals. The first deals with 
the assignment of copyright by the author to the pub- 
lisher, and the second with library photocopying. 


Assignment of Copyright 


Under the 1909 Assignment of Copyright Act, the 
submission of a manuscript to the editorial board of a 
periodical automatically carried with it the assignment to 
the publisher of the author's copyright. Under the new 
law, the assignment must be in writing. A notice in the 
periodical, to the effect that submission of a manuscript 
carries with it assignment of copyright, is no longer 
sufficient. In the absence of a written transfer, the 
publisher is presumed to have acquired only the privilege 
of publishing the article in the journal itself and would 
lack the right to produce reprints, photocopies, or micro- 
films of the article or to license others to do so. This is 
obviously a most unmanageable situation, and one to be 
avoided whenever possible in the interest of all parties. 

In the case of journals published by Williams & Wilkins, 
the editor sends an assignment form to the author for his 
signature when his article is accepted for publication. It 
is believed that this procedure is followed by most 
publishers of scientific periodicals. It is unfortunate that 
the requirements of the new law throw an additional 
burden on the editorial offices of scientific journals, but 
there would seem to be no way to avoid it. It should be 
borne in mind, however, that authors who are employed 
by the government are exempt from any requirement to 
assign copyright, since their articles are already in the 
public domain. 


Systematic Photocopying 


The second part of the new law which is of special 
interest to authors deals with library photocopying. On 
the one hand, authors wish to see their articles receive 
wide distribution. But, on the other hand, they do not 
want this to take place at the expense of the journal 
which is the primary vehicle for distributing their articles 
to their peers throughout the world. The new law at- 
tempts to strike a balance in this regard and specifies 
that photocopying which is permissible without first 
obtaining the consent of the copyright owner and that 
which is not. It states that supplying a library patron with 
a single photocopy for his personal use in scientific 
research is permissible as fair use, under certain circum- 


stances, but that systematic organized photocopying is 
an a ringement of copyright. 

lmteribrary loans. One type of systematic photocopy- 
ing is the use of photocopies as interlibrary loans, and 
here the law says that such use is permissible if it does 
not act as a substitute for subscriptions. Guidelines to 
the {ew law prepared by the National Committee on the 
Technological Use of Copyrighted Material (CONTU) 
Staie that when a borrowing library receives during 1 
year more than five photocopied articles which have 
been published in any one copyrighted journal, during 
the receding 5 years, that constitutes a substitute for a 
Subseription to the journal, and if the library is to con- 
tinu2 to serve the needs of its users it must subscribe to 
the journal in question. 

Liorarians and publishers alike agree that this is a 
reasonable requirement. When a library has fewer than 
six calls for a journal in a year’s time it has no business 
subscribing to the journal. But, when the usage exceeds 
that amount, it should have the journal on its shelves, in 
the interest of good library practice. It is felt that any 
attempt to circumvent this eminently fair provision of the 
law snould strongly be resisted by all scientific societies 
and publishers of scientific periodicals. 

Ir-Pouse photocopying. Yet another type of systematic 
phctocopying takes place in libraries which are con- 
nected with institutions such as hospitals, medical 
schools, clinics, and laboratories which subscribe to 
journals that are of interest to the persons who work in 
thes> institutions. The journals are circulated or dis- 
played so that they may be scanned by the members of 
the institution, who in turn may request photocopies of 
the asticles in which they have an interest. 

Tc continue this practice the library has a choice of 
purchasing multiple subscriptions, so that copies of the 
joumnal itself can be circulated to interested parties, or of 
obtaiming a license from the copyright owner, which 
allows t to make photocopies upon the payment of a 
roya ty. At present a few large industrial libraries have 
requested licenses from publishers covering the journals 
in which their patrons have an interest. This necessitates 
making royalty payments to, perhaps, hundreds of pub- 
lishers; a procedure which the average library would find 
unduly Durdensome. 

A more practical solution to the problem would seem 
to be the Copy Clearance Center, which is scheduled to 
beccme operable by January 1, 1978. [It is now opera- 
tione! ] Journals which wish to use the center will publish 
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on the first page of each article a line identifying the 
journal in which it appears and stating that a license to 
photocopy the article is hereby given in exchange for a 
specified royalty payment. The first page of each article 
photocopied, together with a payment for all photo- 
copies made in a 3 month period is sent by the library to 
the center, which in turn passes the royalty payment to 
the various journals whose articles have been photocop- 
ied. All Williams & Wilkins journals are using this proce- 
dure and are issuing individual licenses only when re- 
quested. 

It is evident that no attempt has been made in this 
short article to deal comprehensively with the Copyright 
Act of 1976. In the first place it is too large a document 


to be analyzed and explained at one time. In the second 
place it contains many sections which are of no interest 
to authors of scientific articles, and in the third place it 
would be premature to attempt to interpret the exact 
meaning of much of the language which the act con- 
tains. However, many authors want to know the effect of 
the act on their operations insofar as scientific articles 
are concerned, and it is believed that the information 
given in this article is accurate and not likely to be 
subject to change. 


William M. Passano, Sr. 
Williams & Wilkins Company 
Baltimore, Maryland 21202 


Letters 





Pleural Herniation in Respiratory Distress 
Syndrome 


In the recent description of pleural herniation in pneumo- 
thorax of newborns with respiratory distress syndrome [1], 
Fletcher rightly points out a similarity with findings in adult 
tension pneumothorax and reiterates that pleural gas tends to 
accumulate in the superomedial aspect of the anterior chest in 
the supine position [2-4]. In addition to the differentiation of 
mediastinal emphysema from pleural herniation caused by ten- 
sion pneumothorax which Fletcher considers in his paper, it is 
important to recognize that pleural herniation can also be 
caused by tension cysts of the lung which can occur as late 
complications of respiratory distress syndrome. Shown below 
are chest films of a neonate with respiratory distress syndrome 
shortly after birth (fig. 1) and 30 days later (fig. 2). In figure 2, 
the hyperexpansion of the right hemithorax and the marked 
leftward displacement of the right anteromedial mediastinal 
pleural interface (arrows) are the result of a tension cyst of the 
lung. A bronchogram of the resected portion of the right lung 
demonstrates cystic expansion of a dysplastic post-respiratory 
distress syndrome lung (fig. 3). 





Reginald Greene 
Massachusetts General Hospital 
Boston, Massachusetts 02114 
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Reply 

In addition to pneumothorax, pleural herniation may occur 
with localized or diffuse forms of pulmonary emphysema. 
Greene’s comments provide the opportunity to emphasize the 
need for absolute confirmation of the presence of intrapleural 
gas prior to the institution of drainage procedures. If the 
diagnosis of pneumothorax is uncertain on radiographs taken 
in the anteroposterior supine position, horizontal-beam lateral 
and lateral decubitus views may be helpful [1]. 


Barry D. Fletcher 
University Hospitals of Cleveland 
Cleveland, Ohio 44106 
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Anonymity of Reviewers 


It is common experience among some of us who write to have 
One journal reject and another journal, of similar standards and 
scope, accept essentially the same manuscript. Because the 
decision to accept or reject is largely subjective, such a discrep- 
ancy between the two journals is readily understandable, but 
the fact remains that the decision of one journal must be wrong: 
both cannot be right. 

| have no quarrel with the referee system, which is a necessity 
for journal quality, and with the practical necessity of abiding 
by the opinions of its delegated referees. At times | have been 
called on to referee. | am filled with humility at the awesome 
responsibility. The author of the work | must judge might have 
contemplated his subject for years, if not a professional life, but 
| could have a hand in sounding the death knell of its publication 


if | so decide. What a dreadful task | have in being fair to him, 
myself, the journal, and to the professional community. My 
responsibility can be likened to that | feel toward the mother 
who entrusts her sick baby to me. How could |, or how would | 
ever want to, remain nameless in either circumstance, as referee 
or as physician? 

Ingelfinger [1] delightfully wrestled with the problem of ano- 
nymity in the referee, whose decisions, he believes, should be 
bathed in charity used in the Pauline sense of love (but not in 
leniency). In his 9 years as editor of the New England Journal of 
Medicine, he has “never seen an abrasive or insulting word 
used by a reviewer who identified himself.” 

My advocacy of removal of the cover of anonymity from the 
referee stems from the firm belief that his opinions would be 
more carefully formulated and documented, if he knew that 
rejection of the submitted work might cause a torrent of protes- 
tation, righteous or not, from the author. A rejected work could 
result in a learning experience either for the named referee or 
for the rejected author. | still sporadically correspond with a 
referee about a paper of mine he rejected 10 years ago. His 
sense of responsibility and his intellectual honesty have permit- 
ted this fruitful exchange. The very possibility that in even more 
time he might acknowledge | was right softens the pique of a 
rejected paper. 

Anonymity should have gone out with the doges of the 
Venetian Republic. It especially has no place in medicine. 


Christian V. Cimmino 
Mary Washington Hospital 
Fredericksburg, Virginia 22401 
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Abstracts of Current Literature 


Cardiovascular 


The underfilled coronary artery: some pre- and postoperative 
observations on recipient arterial quality and left ventricular 
function after coronary artery surgery. Partridge JB, Brandt 
PWT, Whitlock RML (Department of Radiology, Green Lane 
Hospital, Auckland, New Zealand). Clin Radiol 29:5-8, Jan 1978 


In a series of 141 saphenous vein aortocoronary bypass grafts 
in 59 patients undergoing routine restudy of the coronary 
arteries within 4 weeks of operation, an overall graft occlusion 
rate of 12% was found. A trend towards a higher occlusion rate 
was seen in arteries that were small (19%), that had a limited 
run-off (15%), significant distal disease (24%), or severe ather- 
oma at the graft site (22%). Statistically, these occlusion rates 
are not significantly different from the overall failure rate and do 
not give absolute contra-indications to grafting. A particular 
group of arteries which seemed underfilled in the preoperative 
angiogram (1.5 mm or less in diameter but apparently healthy 
with smooth walls and supplying a larger area of myocardium 
than would be expected from their apparent size) was identified. 
These arteries showed a significant increase in diameter in the 
postoperative angiograms and had a low occlusion rate (one of 
15 grafts; 7%). When all grafts were patent, the mean postoper- 
ative left ventricular ejection fraction showed a significant 
increase over the preoperative value, but when one or more 
grafts were occluded there was no significant change. 


Author Abstract 


Axial cineangiography in congenital heart disease. Section II. 
Specific lesions. Elliott LP, Bargeron LM, Bream PR, Soto B, 
Curry GC. (University of Alabama Medical College, Birmingham, 
Alabama 35233). Circulation 56:1084-1093, Dec 1977 (by per- 
mission American Heart Association) 


The value of axial cineangiography in several forms of con- 
genital heart disease serves as an illustrated supplement to 
Section |. These techniques visualize defects in the entire 
ventricular and atrial septum. In persistent atrioventricular (A-V) 
canal, it is possible to visualize all parts of both septa, status of 
the A-V valves (two valves versus a common A-V valve), and if a 
common A-V valve, its degree of override. In tetralogy of Fallot, 
the bifurcation of the pulmonary trunk, entire ventricular sep- 
tum and coronary arteries are vividly shown. The presence of 
true and confluent pulmonary arteries versus sytemic or bron- 
chial arteries in pseudotruncus is clearcut. In double outlet 
right ventricle or in transpositions with or without double outlet 
right ventricle, the mitral valve-semilunar valve relationships, 
the left ventricular outflow tract, subpulmonary region, and a 
Straddling tricuspid valve are well demonstrated. In asymmetric 
septal hypertrophy, biventricular angiography may be circum- 
vented. 


Author Abstract 


The first decade of aortocoronary bypass grafting, 1967-1977. 
A review. Mcintosh HD, Garcia JA. (Watson Clinic, Lakeland, 
Florida 33802). Circulation 57:405-431, March 1978 


Despite a decade of experience with aortocoronary bypass 
grafting embracing 300,000 or more operations, indications for 
its use remain controversial. The controversy persists because 
of a lack of adequate controls with which to compare the 
clinical course of operated patients; only 1,248 have been 
reported who have been studied in a carefully controlled and 
random manner. Benefit has been claimed frequently by com- 
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parirg the course of patients treated surgically with medically 
treat2d patients followed the decade before. Such comparisons 
are not valid in view of the well documented changes in the 
natu “al history of coronary artery disease occurring during the 
last decade. Despite a low operative mortality and rate of graft 
closure, available data in the literature do not indicate that 
initial symptomatic improvement necessarily persists, or that 
myocardial infarctions, arrhythmias, or congestive heart failure 
will e prevented, or that life will be prolonged in the vast 
majerity of operated patients. 


Author Abstract 


A gaide to radiographic identification of prosthetic heart 
valvy2s. Mehiman DJ, Resnekov L. (University of Chicago Medi- 
cal Center, Chicago, Illinois 60637). Circulation 57:613-623, 
March 1978 (by permission American Heart Association) 


To facilitate the radiographic identification of prosthetic heart 
valves, radiographic silhouettes of various aortc, mitral, and 
tricuspid valve prostheses were analyzed and schematized. 
Fory different prosthetic valve models (heterograft and me- 
chanical) were obtained from seven domestic manufacturers. 
Eacn prosthesis was positioned to approximete the aortic, 
mitral, or trcuspid valve annulus plane. The valves were then 
radiographed and photographed as they would appear in pos- 
tercanterior and left lateral chest radiographs. The radiographic 
silmouettes were examined and the scheme wes designed to 
enable easy differentiation of heart valve prostheses. Illustra- 
tions of the various valve types are presented as they would 
appear in routine chest radiographs. 


Author Abstract 


Systolic anterior motion of the mitral valve in the absence of 
asymmetric septal hypertrophy. Mintz GS, Kotler MN, Segal 
BL, Parry WR (William Likoff Cardiovascular Institute, Hahne- 
mann Medical College and Hospital, 230 North Broad Street, 
Philadelphia, Pennsylvania 19102). Circulation 57:256-263, Feb 
1978 (by permission American Heart Association). 


Asymmetric septal hypertrophy (ASH) is consicered the unify- 
ingtnk in the spectrum of hypertrophic cardiomyopathies. ASH 
anc mitral valve systolic anterior motion (SAM) are the two most 
important echocardiographic criteria for the diagnosis of idi- 
opathic hypertrophic subaortic stenosis (IHSS). Ten patients 
fourd to have SAM without ASH were studied. Septal thickness, 
thickening, and excursion were normal. Seven patients had left 
ventricular ejection times (LVET) measured before and after 
amy nitrite inhalation. In six of them, corrected LVET increased 
by more than 40 msec. Four patients underwent diagnostic 
Carciac catheterization. Resting or provocable left ventricular 
outf ow tract (LVOT) gradients were demonstreble in all four 
patients. 

The echocardiographic features in patients with SAM alone, 
ASH and SAM, and ASH alone were compared. LVOT measure- 
ments in patients with SAM alone (2.2 + .4 cm) and ASH and 
SAM (2.1 + .5 cm) were similar and narrower than in patients 
witit ASH alone (2.8 + .5 cm. P < 0.001). Ejection fractions in 
patents with SAM alone (79 + 10%) were greater than in 
patents with ASH and SAM (66 + 16%, P < 0.02) or ASH alone 
(60 + 15%, P < 0.001). Thus, dynamic left ventricular outflow 
obstruction can exist in the absence of echocardiographic ASH. 
LVCT width and abnormal LV ejection dynamics may contribute 
to the LVOT obstruction with or without the presence of ASH. 


Author Abstract 
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Detection of myocardial scar tissue by m-mode echocardiog- 
raphy. Rasmussen S, Corya BC, Feigenbaum H, Knoebel SB. 
(Indiana University School of Medicine, 1100 West Michigan 
Street, Indianapolis, Indiana 46202). Circulation 57:230-237, 
Feb 1978 (by permission American Heart Association) 


Wall thicknesses were measured and echo densities were 
evaluated from the left ventricular echograms of 182 patients. 
The echogram was considered to reflect scar tissue when (1) 
either the interventricular septum, the posterior left ventricular 
wall, or the anterior left ventricular wall was less than 7 mm 
thick in middiastole and was more echo-producing than its 
opposing wall or another area of the same wall in a sector scan, 
or (2) an area of myocardium was 30% less thick than an 
adjacent area within a sector scan. Myocardial scarring was 
diagnosed by echocardiography in 52 of the 182 patients. The 
echocardiographic presence or absence of scarring was con- 
firmed in 95% (173 of 182) of cases, 34 cases by microscopic 
examination and 139 by surgical appearance. This study shows 
that M-mode echocardiography is both a sensitive and specific 
method for detecting myocardial scar tissue. 


Author Abstract 


Two-dimensional echocardiographic recognition of ruptured 
chordae tendineae. Mintz GS, Kotler MN, Segal BL, Parry WR 
(William Likoff Cardiovascular Institute, Hahnemann Medical 
College and Hospital, 230 North Broad Street, Philadelphia, 
Pennsylvania 19102). Circulation 57:244-250, Feb 1978 (by per- 
mission American Heart Association). 


Real-time, phased-array, two-dimensional echocardiographic 
studies identified ruptured chordae tendineae in five patients; 
four patients had a flail mitral valve, and one had flail mitral and 
tricuspid valves. The characteristic abnormality was a rapid 
systolic motion of the involved leaflet beyond the line of valve 
closure into the atrium. The maximal abnormal systolic motion 
was greatest at the tip of the leaflet with a loss of the normal 
coaptation point. By contrast, the two-dimensional echocardi- 
ographic feature of mitral valve prolapse is an abnormal systolic 
motion that is maximal in the body of the leaflet with intact 
leaflet coaptation. Thus, two-dimensional echocardiography 
can identify flail mitral and tricuspid valves and is used in 
distinguishing ruptured chordae from valvular prolapse. 


Author Abstract 


Gastrointestinal 


Clinical and radiological studies of pancreatic carcinoma— 
with special reference to diagnostic efficacy of angiography 
(in Japanese). Ikenobe H (Juntendo University, Tokyo, Japan). 
Nippon Acta Radiol 37:1019-1040, Nov 1977 


A total of 76 cases of pancreatic carcinoma histologically 
confirmed by operation and autopsy were studied clinically and 
radiologically with special reference to the diagnostic efficacy 
of angiography. Since therapeutic results in pancreatic carci- 
noma are poor at the present time, pertinent radiologic exami- 
nation should be performed to enable earlier diagnosis. 

In 34 cases of pancreatic carcinoma, upper gastrointestinal 
series, hypotonic duodenography, and percutaneous transhe- 
patic cholangiography were performed. Correct diagnosis was 
made in 16 cases (47%) and in only five cases (14.7%) were the 
lesions potentially resectable. 

In 42 cases, endoscopic retrograde cholangiopancreatog- 
raphy and angiography were also performed. Of 42 cases, 41 
(97%) with pancreatic carcinoma were diagnosed correctly and 
13 cases (31%) were resectable. More than 90% of cases with 
pancreatic carcinoma were diagnosed either by endoscopic 
retrograde cholangiopancreatography or angiography. Al- 


though ERCP could not evaluate resectability, angiography was 
effective. The value of superselective angiography and pharma- 
coangiography in the diagnosis of pancreatic carcinoma was 
emphasized. 


Hozumi Arii 


Isolated mesenteric desmoids (mesenteric fibromatosis). 
Sacks B, Joffe N, Harris N (Beth Israel Hospital, Boston, Mas- 
sachusetts). Clin Radiol 29:95-100, Jan 1978 


The so-called desmoid tumor is an important member of a 
group of conditions termed ‘the fibromatoses’ which are char- 
acterized by an infiltrating fibroblastic proliferation without 
features of an inflammatory response. While desmoids most 
frequently arise in the anterior abdominal wall, they may also be 
extraabdominal or intraabdominal in location. Mesenteric des- 
moids are relatively rare. They may occur in association with 
Gardner's syndrome, especially following colectomy, or as an 
isolated abnormality in otherwise normal patients. In this paper 
the authors describe the clinical, radiological, and pathological 
findings in two patients with isolated mesenteric desmoids. The 
radiologic differential diagnosis is also briefly discussed. 


Author Abstract 


ECG changes during the administration of barium enemas— 
the protective role of B-receptor blocking agents. Yigitbasi O, 
Sari A, Kiliccioglu, Nalbantgil | (I. Nalbantgil, Clinique de Mala- 
dies Interne, Faculté de Medecine, Universite d'Egée, Izmir, 
Turkey). J Radiol Electrol Med Nucli 59:125-128, 1978 


Exploration and manipulation of various hollow organs may 
induce visceral-cardiac reflexes resulting in cardiac arrhyth- 
mias. Electrocardiographic studies demonstrate varying de- 
grees and types of cardiac arrythmias following procedures 
involving the gallbladder, esophagus, stomach and colon, in- 
cluding sigmoidoscopy. Of special significance are the changes 
induced by barium enema studies of the colon: a widespread 
radiologic procedure causing rapid distention of the colon. 
These arrhythmias occur more frequently in older patients and 
especially in cardiac patients. 

The authors report the results of their studies on 80 patients 
on whom a barium enema examination was performed. There 
were 46 females, aged 13-81, average age 48.8, and 34 males, 
aged 19-68, average age 45.9. The patients were selected at 
random with no regard to age or sex. Forty patients were used 
as control and received no medication, while 40 patients re- 
ceived 5 mg of a B-receptor blocking agent 1 hr before the 
examination. 

ECG changes observed during the barium enema examina- 
tion consisted of one or more of the following: premature 
ventricular contractions, premature auricular contractions, flat- 
tening of the ST segment, multifocal ventricular contractions, 
combined premature auricular and ventricular contractions. 
Increased heart rate occurred more often than bradycardia. Of 
the first group, who received no medication, 17 showed at least 
one of the above listed ECG changes, while only six of the 
second group, who received the B-receptor blocking medica- 
tion, showed ECG changes. These changes occur mostly in 
patients 50 years of age and above. Abnormal changes in 
cardiac rate were observed more frequently in the first group. 
The authors conclude that examination of the colon may cause 
cardiac arrhythmia in a large segment of patients 50 years and 
over. The risk is greatest in patients with known cardiac disease. 
The referring physician should be aware of the risks and 
possible serious consequences of cardiac arrythmia in these 
two groups of patients. The use of B-receptor blocking agents 
helps reduce these risks. 


William H. Shehadi 
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Genitourinary 


Routine urography following angiocardiography in congenital 
abnormalities of the heart. Hoeffel JC, Mery J, Worms AM, 
Martin R, Pernot C (Service de Radiologie et de Cardiologie, 
Hopital Jeanne-d'Arc F 54201 Dommartin-les-Toul, France). J 
Radiol Electro! Med Nucl 59:29-32, 1978 


In a series of 680 patients with congenital heart disease, 
routine examination of the urinary tract following angiocardiog- 
raphy revealed the presence of anomalies of the urinary tract in 
49 patients (7.2%). Radiographs of the urinary tract are best 
made 10 min after injection of contrast material into the heart. 
The average dose of contrast material is 2 mg/kg. Age distribu- 
tion of the patients was 188 under 5 years, 240 between 5 and 
10 years, 147 between 10 and 15 years, and 105 over 15 years of 
age. Nine patients (18.3%) displayed varying degrees of dupli- 
cation of the renal pelves and ureters; 11 (22.4%) showed 
varying degrees of dilatation of the renal pelves and ureters; six 
(12.2%) had renal agenesia; six (12.2%) had malposition; and 17 
(34.6%) showed varying degrees of other malformation includ- 
ing malrotation. Of the 49 patients in whom various congenital 
anomalies were found, five required surgical intervention. The 
authors stress the importance of routine examination of the 
urinary tract during angiocardiography, and the value of the 
information so obtained. 


William H. Shehadi 


Musculoskeletal 


Radiographic findings in commercial divers. Heard JL, Schnei- 
der CS (3437 Prytania Street, New Orleans, Louisiana 70115). 
Clin Orthop 130:129-138, Jan-Feb 1978 


This interesting article describes in detail the radiographic 
manifestations of dysbaric osteonecrosis. Material was obtained 
from 1,200 sets of radiographs including biannual reexamina- 
tions on a diver population of approximately 500. The article 
begins with a detailed discussion of the technique of x-ray 
examination followed by a section on radiographic histopathol- 
ogy. The authors emphasize that the early changes of cellular 
death are not seen radiographically, but that the earliest x-ray 
sign is related to the process of bone repair. These radiographic 
signs fall into two groups: one related to increased density from 
the laying down of new bone on nonviable trabeculae and the 
other to fracture of the subchondral plate. The authors then 
discuss the differential diagnosis. They found that the juxta 
articular humeral head lesion was by far the most common in 
commercial divers; the next most common lesion being the 
medullary lesion within the distal femoral shaft. Juxta articular 
lesions of the femoral head were extremely rare among com- 
mercial divers. After classifying of these lesions, the authors 
reemphasized the importance of a specific radiographic exami- 
nation. If lesions are found the worker should be disqualified 
for further work in dysbaric environments. 


Frederick A. Matsen, III 
Orthopedics, University of Washington 


Radiologic examination of the sterno-manubrial articulation in 
the presence of pelvic ankylosing spondylitis and Reiter’s 
syndrome. Candardjis G, Saudan Y, De Bosset P (Service de 
Radiodiagnostic, Centre Hospitalier Universitaire Vaudois, Lau- 
sanne, Switzerland). J Radiol Electrol Med Nuc! 59:93-97, 1978 


In evaluating the extent of arthritic changes involving the 
sternomanubrial articulation, the authors applied the same 
criteria used in evaluating involvement of the sacroiliac articu- 
lations. These are classified in four degrees or stages: degree 
(stage) |—slight loss of sharpness of the articulating bony 
surface, pseudoenlargement of the joint space due to deminer- 
alization of the bony margins, minimal sclerosis; degree (stage) 
Il— irregularities of the articular border, with some definite bony 
erosion and contiguous sclerosis, narrowing of the joint space; 
degree (stage) Ill— partial synostosis with adjacent areas of 


bon= erosion or sclerosis; degree (stage) |V—ccmplete synos- 
tos ef the joint. 

TF ere were 19 patients with ankylosing spondylitis including 
eight patients with Reiter's syndrome. In 11 patients there was 
inve vement of both the sacroiliac and sternomanubrial articu- 
latiens. In three patients the changes in the sternomanubrial 
joints were more pronounced than in the sacroiliac joints. In 
eight of the 19 patients the sternomanubrial articulations were 
normal. Based on the extent of pathologic changes in the joints, 
one patient was classed in degree |, six patients in degree ll, 
two im degree Ill, and two in degree IV. Of the six in degree Il, 
the changes in the sternomanubrial joints were more pro- 
nounced than in the sacroiliac joints. In the remaining cases the 
pathic ogic changes were of a comparable degree in both the 
sacroiliac and the sternomanubrial joints. The authors note that 
patients may experience joint pain of varying intensity without 
any c=monstrable bone and joint changes. However a pattern 
of recurring episodes of pain in either or both the sacroiliac and 
stermemanubrial joints is an indication for follow-up radiologic 
examinations when eventually definite bone and joint changes 
wil! become apparent. Furthermore the occurrence of pain in 
the st=rnomanubrial joint in a patient with sacroiliac arthritis is 
a signal for careful observation and radiologic examination of 
the-st=rnal area, where eventually definite arthritic changes will 
become apparent. 


William H. Shehadi 


Scotiesis: incidence and natural history. Rogala E, Drummond 
D, Gurr J (175 Stillview Road, Suite 310, Pointe Claire, Quebec 
HOR +C3 Canada). J Bone Joint Surg [Am] 60:173-176, March 
197 


For the radiologist who has occasion to review spinal curva- 
ture problems in adolescents this article is quite useful. The 
autt ars reviewed 25,000 patients in which 2,500 patients were 
radiographed and followed for 2 years to evaluate adolescent 
mates and females as to the progression of scoliosis. The 
authors indicate the methods of evaluation for computing the 
scoliesis as well as evaluating for rotational abnormalities. 
These are noted in references at the end of the article but not 
specifically indicated in the text. The authors found an inci- 
dense-of adolescent idiopathic scoliosis in 4.5% of the individ- 
ual examined. As noted in previous reports the incidence of 
increase of the high curvature is far more prominent in young 
femates than in males. Only 3% of the students had spontaneous 
imp-evement of the idiopathic scoliosis and this was seen 
primarily in curves of less than 11°. Generally the curvature at 
highest risk was the curvature of 11° or more in a growing girl. 
Overall treatment, specifically braces and occasionally surgery, 
wa required in 2.75 students per 1,000 students screened. 
Ger erally braces alone were sufficient. The authors caution that 
they do not recommend treating any adolescent patient with an 
idiepathic curve that is between 20-30° until a progression has 
beemeobserved since one out of five patients in that category do 
not have any progression of their curvature. 


Gerald R. Smith 


Leac intoxication and traumatic arthritis of the hip secondary 
to retained bullet fragments. Windler E, Smitn R, Bryan W, 
Woods W (Orthopedic Associates, Medical Park Tower, 1301 
West-38th Street, Suite 501, Austin, Texas 78705). J Bone Joint 
Surg YAm] 60:254-255, March 1978 


Tœs succinct article indicates the unusual but potentially 
correctable problem of lead intoxication seconcary to gunshot 
waurds of the joint spaces. This particular patient had a .38 
caliber gunshot wound to the left hip with loose lead fragments 
within the joint space which did not wall off as such injuries 
normally do. However 25 years after the original injury, severe 
symptoms indicating lead poisoning with secondary encepha- 
lopathy and anemia evolved which were eventually rectified by 
a tatal hip replacement and removal of all bullet fragments. The 
racic ogist is in an excellent position to evaluate and suggest 
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the potential of lead intoxication when bullet fragments are left 
within the free synovial space of a joint. 


Gerald R. Smith 


Scintigraphy in the diagnosis of osteonecrosis. D'Ambrosia 
RD, Shoji H, Riggins RS, Stadalnik RC, DeNardo GL (Louisiana 
State University Medical Center, 1542 Tulane Avenue, New 
Orleans, Louisiana 70112). Clin Orthop 130:139-143, Jan-Feb 
1978 

The authors emphasize that the radiographic evidence of 
osteonecrosis may not be evident until 4-6 months following 
the original insult. They refer to a case of a renal transplant 
patient in which the scan revealed osteonecrosis before any 
changes were visible radiographically. However, they caution 
the reader about the limitations on the scan: the presence of 
the label only indicates the presence of some blood supply, but 
this blood supply may or may not be sufficient to prevent the 
development of avascular necrosis. If the scan is obtained 
within weeks of avascular insult a cold area may be seen, 
however, months later, the revascularization and reparative 
process may produce a hot area on the scan. 


Frederick A. Matsen, III 
Orthopedics, University of Washington 


Nervous System 


Spinal arachnoid cysts in children. Duncan AW, Hoare RD 
(Harvard Medical School, 25 Shattuck Street, Boston, Massa- 
chusetts 02115). Radiology 126:423-429, Feb 1978 


Five cases of benign spinal arachnoid cysts in children are 
described with their clinical, neuroradiological, surgical and 
pathological findings. Intraspinal benign arachnoid cysts may 
be confidently diagnosed myelographically when there is com- 
plete or partial obstruction with multiple oily contrast/cerebro- 
spinal fluid levels as in 3 cases in this series. The multiple fluid 
levels are probably produced by multiple cysts or a cyst locu- 
lated due to partial compression by arachnoid bands either 
related to the normal septum posticum, congenital or acquired 
adhesion rather than to trabeculations within the cyst. In this 
series, the origin of the cysts is considered to be congenital. 


Author Abstract 


Exposures to patient and personnel in computed axial tomog- 
raphy. Shrivastava PN, Lynn SL, Ting JY (Allegheny General 
Hospital, 320 East North Avenue, Pittsburgh, Pennsylvania 
15212). Radiology 125:411-415, Nov 1977 


Determinations of dosage were done utilizing lithium fluoride 
thermoluminescent dosimeters. Measurements were accurate 
to within 10%. The dosimeters were placed in 20-50 locations. 
Dosimeters were aligned so that they were exposed to one 
direct exposure and to additional scattered radiation from the 
following slice scans. Measurements were done for the EMI 
head scanner, using exposure factors of 120 kVp, 33 mA, and 
focal spot of 12 x 2.25 mm. Scan slice thickness was 1.3 cm. 
The typical examination of four scan sections resulted in surface 
exposures of 2-4 R on the side of the head traversed by angular 
motion of the tube. This was twice the dose on the side not 
traversed. If, instead of the normal 5 min scan the 6.5 min scan 
was utilized, dose increased by an additional 1.5-5 R. 

In all patients in whom measurements were made, highest 
exposure was nearest the eyes, and greater on the side tra- 
versed by angular tube motion. The right upper eyelid exposure 
was 1.5R, the lower left eyelid measured 0.5 R. Surface dose in 
the gonadal region measured approximately 7 mR. Highest 
surface dosage registered from 4 slice scans were 5 R, as 
compared with 1.2 R in skull radiography and 10 R or more in 
angiography. Moreover, exposure due to a single slice is about 
one-half the value for four sections. This finding suggests that 
approximately half the exposure is due to scattered and leakage 
radiation. 


Asher Nov 


A sign of subarachnoid bleeding on cranial computed tomo- 
grams of pediatric head trauma patients. Dolinskas CA, Zim- 
merman RA, Bilanluk LT (Pennsylvania Hospital, 8th and Spruce 
Streets, Philadelphia, Pennsylvania 19107). Radiology 126:409- 
411, Feb 1978 


Of 109 children examined by cranial computed tomography 
soon after an acute head injury, a density in the region of the 
falx was identified in 24 patients, but disappeared on subse- 
quent studies. The density measures in the range of blood and 
is thought to represent subarachnoid blood. It can be confused 
with falx calcification in adolescents and adults, but falx calci- 
fication is normally not seen in the pediatric population. 


Author Abstract 


Noncontrast CT scanning: limited value in suspected brain 
tumor. Butler AR, Kricheff Il (Hartford Hospital, Hartford, Con- 
necticut 06115). Radiology 126:689-683, March 1978 


Most patients who have computed tomography because of a 
suspected brain tumor are subjected to a noncontrast scan 
followed by a contrast study. Analysis of the scans of all such 
patients over a two-year period indicates that in most cases a 
single contrast scan affords the same degree of diagnostic 
accuracy as a combined pre- and postcontrast study. 


Author Abstract 


Computed tomography and radionuclide imaging in the eval- 
uation of ischemic stroke. Campbell JK, Houser OW, Stevens 
JC, Wahner HW, Baker HL, Folger WN (M. A. Weinstein, Cleve- 
land Clinic, 9500 Euclid Avenue, Cleveland, Ohio 44106). Ra- 
diology 126:695-702, March 1978 


A total of 164 patients with clinical diagnosis of brain is- 
chemic or hemorrhagic event were included in a prospective 
study. Patients underwent an initial CT examination within 24 hr 
of admission. A second session of both CT scan and radionu- 
clide brain scan was performed 7-10 days later. Findings were 
that vascular abnormality occurred in 156 patients while in 
eight, etiology was nonvascular. In 90% of infarcts, the cerebral 
hemispheres were affected; cerebellum and brainstem were 
involved in 10%. Infarcts showed a 2:1 male to female ratio. 

CT scans showed an overall detection rate of 63% with a 59% 
rate for early scan and 66% rate for late scans. Detection rate 
showed a peak on the 10th and 11th postictus days. Enhance- 
ment was noted in less than 20% of the cases. In 5%, the lesions 
were isodense and were identified following enhancement only. 
Mass effect was noted as late as 25 days postictus. Overall 
detection rate by radionuclide brain scan was approximately 
equal. Advantage of investigation by CT scanning is the earlier 
detection and distinction between ischemic and hemorrhagic 
event. This is of major importance in choosing appropriate 
therapy. 


Asher Nov 


Computed tomography of pediatric head trauma: acute gen- 
eral cerebral swelling. Zimmerman RA, Bilaniuk LT, Bruce D, 
Dolinskas C, Obrist W, Kuhl D (Hospital of the University of 
Pennsylvania, 3400 Spruce Street, Philadelphia, Pennsylvania 
19104). Radiology 126:403-408, Feb 1978 


The authors present clinical and CT findings of 100 pediatric 
patients with acute head injury. Patients were divided into four 
groups: (1) minimal to no disturbance of consciousness; (2) 
minimal to moderate disturbance of consciousness with or 
without focal neurological deficit; (3) significant disturbance of 
consciousness with or without neurological deficit; (4) coma- 
tose with pain response. 

The most common CT findings in groups 3 and 4 consisted 
of: general cerebral swelling; subarachnoid hemorrhage. The 
latter appeared typically as an interhemispheric linear high 
density image which cleared on subsequent scans. It was 
present in 87% of grade 4, 35% of grade 3, and 7% of grade 1 
and 2. 
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General cerebral swelling was manifested as absence or 
compression of the ventricles and perimesencephalic cisterns. 
In addition, there was an increase in density reading of the 
white matter. Normal white matter measured 29.2 to 33.2 
Hounsfield units (14.6-16.6 EMI units) with a standard deviation 
of 2.43 to 3.56. Grade 4 patients showed measurements of 34.6- 
36.4 Hounsfield units (17.3-18.2 EMI units). These measures 
subsequently reduced to 30.6 to 33.2 Hounsfield units (15.3 to 
16.6 EMI units). Additional findings consisted of transitory 
extracerebral fluid collection and ventricular and sulcal enlarge- 
ment. It was found that generally only grade 4 patients had 
prolonged hospitalizations and sequelae. 


Asher Nov 


Miscellaneous 


Angiography of breast using the low dose mammography 
system. Maeda M, Mine H, Suzuki H, Suzuki S. (Tokyo Medical 
and Dental University School of Medicine, Tokyo, Japan). Nip- 
pon Acta Radio! 37:1101-1108, Dec 1977 


Angiography was performed using the low dose mammogra- 
phy system in a series of 30 patients with breast tumor. Of 
these, 20 had carcinoma of the breast on surgery and form the 
basis of this study. Microangiograms of the breast were ob- 
tained on all cases and angiography and microangiography 
were analyzed. The technique of angiography consisted of hand 
injection of 30-35 cc of 60% Conray into the brachial artery 
using the direct puncture technique. 

The authors confirmed the angiographic findings of carci- 
noma of the breast described in the literature. In addition, the 
arrangement of prominent vessels in radiating fashion around 
the tumor proved to be normal vessels supplying the tumor but 
not abnormal vessels due to inflammatory reaction surrounding 
the tumor. Apparent extravasation of contrast media indicated 
a cluster of dilated capillaries within the tumor rather than 
extravasation. In addition, spiral tortuosity of the vessels within 
the tumor was attributed to a form of arterial encasement by 
tumor infiltration. The study demonstrated good correlation 
between mammography and angiography providing additional 
insights into the interpretation of routine mammography. How- 
ever, the authors concluded that angiography of the breast 
should not be performed on a routine basis but might be a 
valuable adjunct in specific clinical settings. 


Mutsumasa Takahashi 


Nuclear Medicine 


Thallium-201 scintigraphy—a new method for radionuclide 
imaging of the uterus (in English). Pertynski T, Zimmerman P, 
Reuter Th D, Hundeshagen H (Abteilung fuer Nuklearmedizin 
und spezielle Biophysik, Medizinische Hochschule Hannover, 
Karl-Wiechert-Allee 9, D-3000 Hannover 61, BRD, Germany). 
Nucl Med 16:5, 1977 


Imaging of the uterus with thallium-201 is described in 15 
patients ranging in age from 41-73 years. Employing a Gamma 
camera interfaced with a small digital computer, static images 
of the pelvic area were obtained 10 min after intravenous 
injection of 1.5-2.0 mCi of thallium-201. In all cases without 
carcinoma, uterine accumulation of thallium-201 could be re- 
corded, generally with good delineation of the uterus. Occa- 
sionally, it was difficult to recognize the uterine shape because 
of intestinal accumulation of the radionuclide, although this 
was overcome by computer contrast enhancement with im- 
proved demarcation of the small intestine and uterus. In three 
patients with cervix carcinoma, accumulation of Thallium-201 
was found to be excessively decreased with localized areas of 
decreased uptake corresponding with areas of necrotic tissue. 
The authors suggest that scintigraphy of the uterus using this 
radionuclide may be similar to the detection of myocardial 
infarction with myocardial scintigraphy, a useful tool for the 
detection of necrotic tissue in the myometrium. 


Peter F. Winter 


Relationships between coronary cineangiography, left ven- 
triculography, and *'Tl-scintigraphy. Goto M, Matsuoka J, 
Suga K, Nobuyoshi M (Kokura Memorial Hospital, Kitakyushu- 
shi, Japan). Jpn J Clin Radiol 23:73-78, Jan 1978 


Myocardial imaging using ?°™TI was performed in 35 patients 
whc underwent coronary angiography and left ventriculogra- 
phy Reduced radioactivity corresponding to coronary angio- 
graphic anc electrocardiographic localization of the infarction 
was-observed in 11 of 14 cases with acute myocardial imfarction. 
Ten cases with old myocardial infarction showed less reduced 
radioactivity, probably due to improvement of ischemia by the 
development of collateral circulation. In six patients wizh angina 
pecoris, no significant abnormality was noted on scintigrams. 
Three cases with congestive cardiomyopathy revealed ow activ- 
ity areas on scintigrams. These areas were considered repre- 
sen-ative of fibrotic change of myocardium. 


Hczumi Arii 


Radiation Oncology 


Radiation therapy of brain-stem tumors. A comparison with 
pinealoma. Tanaka Y, Obata Y, Makino N (Nagoya University 
Schoo! of Medicine, Nagoya, Japan). Nippon Acta Radiol 
37: 52-1057, Nov 1977 


Radiation therapy was performed on 23 patients wth brain- 
stem tumors, including 11 thalamic and third ventr cular tu- 
mors, mine pontine tumors, and three medullary and fourth 
ventricular tumors. In addition, 15 patients with pineal tumors 
were treated with radiation. Results were compared. Thirty-two 
patients underwent partial or excision biopsy with shunt proce- 
dure before radiation. Radiation therapy was performed usually 
with two opposing ports with Cobalt 60 gamma rays and x-rays 
produced by a 10 MEV linear accelerator. Total dose a med was 
from 4,000-5,700 rads in 5-8 weeks. Where needed, 2,700 to 
3,700 rads were given to the entire spinal column. 

Overall 3-year and 5-year survival rates were 23.5% and 0% 
for brain-stem tumors and 37.5% and 28.6% for pineal tumors. 
The average survival was 16.1 months for brain-stem tumors 
whereas this was 34.8 months for the pineal tumors. The best 
con rol rate was obtained with a dosage between 5,000 and 
6,00 rads in 6-8 weeks for both groups. No significant relation- 
shig was found between prognosis and surgical procedures 
prio to rad ation. Radiation therapy following stunt operation 
does enable longer survival with minimal neurological deficits. 


Mutsumasa Takahashi 


Histopathologic studies of the liver following intravenous col- 
loidal **Au therapy. Nelson BM, Andrews GA, Watson EE 
(Medical and Health Sciences Division, Oak Ridge Associated 
Uniwersities, Oak Ridge, Tennessee). Radiology 127 239-247, 
Apri 1978 


Tae authors describe histologic studies of | ver tsssue ob- 
tained from 27 patients given up to 395 mCi of intravenous 
colloidal '*Au. Of the 27 patients studied, eight had been 
treased for chronic granulocytic leukemia. Seven patents had 
other neoplasms involving the liver. Twelve other pavients are 
incladed who received small doses of '**Au (for scans in some 
cases) and these acted as the control group. The autoradi- 
ocrephs showed an uneven distribution of ‘Au in the liver 
following rapid removal of the colloid from the blood, with a 
lower concentration in the Kupffer cells about the central veins. 
Objective review of coded slides of the liver from all 27 patients 
failed to reveal any correlation between the amount of '*Au 
given and the presence or degree of hepatic abnormalties. The 
authors feel that their data failed to demonstrate any deleterious 
effect on the human liver from single intravenous doses of '**Au 
up © 105 mCi, or multiple doses up to 395 mCi. The authors 
would expect that a single excessive intravenous dose of colloi- 
dal ™*Au to an adult would threaten life by hematopoietic rather 
thar hepatic injury. 


Herbert C. Berry 


Book Reviews 


Gastrointestinal Angiography, 2d ed. By S. R. Reuter and H. C. Redman. Philadelphia: Saunders, 390 pp., 1977. 


$27.50 


The first edition of this book appeared in 1972, 1 year after 
publication of the revised edition of Abrams’s Angiography. The 
Original text covered a somewhat wider range of diseases of the 
gastrointestinal tract in a more complete fashion than did the 
comparable chapters in Abrams’s book, but the quality of 
reproduction of angiograms was not as good. The content of 
the second edition has been greatly expanded, emphasizing the 
new developments in catheterization techniques and in thera- 
peutic angiography that have occurred during the intervening 5 
years. 

Like the first edition, the second is divided into 10 chapters. 
The first chapter, on catheterization techniques, has been 
expanded with a new section on superselective catheterization 
which describes various manipulator instruments as well as 
coaxial catheter systems. The chapter on vascular diseases now 
includes a discussion of nonocclusive mesenteric ischemia and 
the use of papaverine in the treatment of this entity. 

The chapter that has been most expanded is, appropriately, 
on gastrointestinal bleeding. This chapter is now three times as 
long as in the first edition and includes thorough discussion of 
therapeutic techniques available for the control of massive 
gastrointestinal hemorrhage. Both the infusion of vasoconstric- 
tor substances and embolization techniques are discussed in 
detail. 

Other chapters are on vascular anatomy, tumors, trauma, 
inflammatory disease, cirrhosis and portal hypertension (a par- 
ticularly complete and comprehensive discussion), equipment, 
and pharmacoangiography. These chapters are similar to the 


first edition although slightly expanded in many cases. The 
chapter on inflammatory disease probably contains information 
out of proportion to the amount most radiologists would need, 
but serves as a good reference, and reflects Reuter and Red- 
man’s vast experience and expertise. They do point out that 
angiography is rarely indicated in inflammatory disease, but 
that the manifestations must be recognized when encountered 
during studies performed for other reasons. 

References appear at the end of each chapter and are 
reasonably complete. A large number of references are from the 
middle 1970s, indicating extensive revision of the bibliography 
since the first edition. Illustrations throughout the text are 
frequently small, and in this respect there is some room for 
improvement. 

This is clearly the definitive work in the field of gastrointes- 
tinal angiography. The sections on catheterization techniques, 
particularly of celiac axis vessels, and on therapeutic angiogra- 
phy in the gastrointestinal tract are valuable and are not avail- 
able in some of the more comprehensive angiography texts. 
This book will be extremely useful to radiologists who perform 
angiographic procedures involving the gastrointestinal tract, 
whether occasionally or on a full-time basis. We can look 
forward to the third edition, which will undoubtedly contain 
expanded material on, and experience with, therapeutic tech- 
niques which are now only beginning to be explored. 

Roger A. Hyman 
North Shore University Hospital 
Manhasset, New York 11030 


Radiology of the Gallbladder and Bile Ducts. Saunders Monographs in Clinical Radiology, vol. 12. Edited by R. N. 
Berk and A. R. Clemett. Philadelphia: Saunders, 407 pp., 1977. $24 


This text provides detailed information on the current status 
of the radiologic evaluation of the biliary tract. A modality- 
oriented approach is used including chapters on plain abdomi- 
nal film, barium studies of the gastrointestinal tract, oral chole- 
cystography, cholangiography (intravenous, percutaneous 
transhepatic, endoscopic retrograde, operative, and postoper- 
ative), ultrasonography, and computed tomography. It is richly 
illustrated with high quality radiographs. 

Berk has comprehensively reviewed oral cholecystography 
and intravenous cholangiography with an elaborate clarifying 
discussion of all commercially available biliary contrast materi- 
als. Emphasis is on toxicity, intestinal absorption, dose, mode 
of administration, and other factors determining the concentra- 
tion of the excreted contrast agents. These sections reflect his 
vast clinical experience and excellent research on these topics. 
Also of interest is the chapter on instrumentation of the post- 
operative biliary tract (extraction of retained gallstones, bile 
duct biopsy, and dilatation of bile duct strictures) by Burhenne. 
These chapters are particularly strong since they are well 
written by experts in the fields and contain excellent reviews of 


Handbook of Clinical Nuclear Medicine. Edited by P. Matin. 


pp., 1977. $12 


While there has been continuous proliferation of publications 
in nuclear medicine, there was always a need for a simple 
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the literature. 

In several chapters a format is used that employs subhead- 
ings, tables, italics, and other techniques to provide quick 
access to the major points. Unfortunately this is not consistently 
followed, so that some chapters appear weak by comparison. 
The discussion on percutaneous cholangiography using the 
Chiba needle would be more useful if it had contained a 
comparison of experiences at different medical centers. A more 
technical description of the lateral approach with the Chiba 
needle also would have been welcome in addition to the anterior 
catheter-needle approach which many have abandoned. 

Overall the monograph is excellent, providing a source of 
detailed reference material. It certainly is an indispensible 
addition to the library of all interested in the radiographic 
evaluation of the biliary tract. 


Hans-Udo Juttner 

University of Southern California 
Rancho Los Amigos Hospital 
Los Angeles, California 90012 


Flushing, N.Y.: Medical Examination Publishing Co., 344 


handbook for both the beginner and the busy practitioner. This 
book fills the lacuna. 


There are 17 chapters, all devoted to nuclear imaging. Al- 
though it has the format of a multiauthored book, the basic 
organization, presentation of material, and theme have a com- 
mon denominator. Four chapters were written by Matin, five 
chapters in collaboration with other authors, and eight chapters 
by various others. 

A table of indications for the organ imaging procedure at the 
beginning of each chapter and disadvantages of each proce- 
dure with possible sources of misinterpretation and pitfalls at 
the conclusion of each chapter make this book a very concise, 


convenient review especially for technologist and physician 

candidates taking board examinations. The chapters on Thyroid 

Imaging by P. Hoeffer et al., Tumor and Inflammatory Lesion 

Localization by R. O’Mara and P. Matin, and Renal Imaging by 

J. "M. Vogel are excellent. 

Ir all, this is a fine book for easy and convenient understand- 
ing of the present state of the art of imaging. 

C.R.V. Kamath 

Morris Hospital 

Morris, Illinois 60450 


Clinical Radiobiology. By W. Duncan and A. H. W. Nias. New York: Churchill Livingstone, 226 pp., 1977. $22.50 


The subjects of the 15 chapters of this book are: introduction, 
biophysical events, the biological target, biochemical damage, 
the cell cycle, cell survival curves, recovery from radiation 
damage, early response of normal tissues, acute radiation 
syndromes, response of tumors, late effects on normal tissues, 
late genetic and somatic effects, fractionation of dose, clinical 
applications, and developments in radiotherapy. 

The book is well organized and easy to read. It contains 105 
data graphs or diagrams and six photomicrographs. The 133 
specific references are given at the ends of the chapters, and 15 
references are given for suggested further reading. The book is 
highly limited as to references and does not reference the 
sources of all major contents or all figures. Thus it would not 
qualify as a useful reference book. 

Written by a professor of radiotherapy and a consultant 
medical radiation biologist in two well recognized British cancer 
treatment centers, the book has a deliberately clinical bias. It 
was designed to cover the syllabus in radiobiology recom- 
mended by the Royal College of Radiologists for radiotherapists 


in training and to provide a simple and straightforward account 
of me important radiobiologic principles relevant to clinical 
rad ation oncology. Duncan and Nias have selected scientific 
subcts to emphasize aspects of immediate interest to radiation 
therapists, clinical oncologists, radiographers, and clinical ra- 
diation physicists, giving relatively little attention to many fun- 
damental and applied areas of radiobiology and emphasizing 
aspects which are most directly applicable to clinical practice. 
This approach has resulted overall in a brief, s mplified treat- 
mert of the subject, relatively superficial or perfunctory in many 
aspects. Nevertheless, they have achieved fairly well their goal 
of providing a simple, easy to read account of the selected and 
emphasized principles for radiotherapy trainees and radiation 
therapists, other clinical oncologists, and radiologic physicists 
whe wish to obtain some understanding of biologic principles 
uncerlying radiotherapy. 
George W. Casarett 
University of Rochester 
Rochester, New Yark 14642 


Books Received 


Receipt of books is acknowledged as a courtesy to the sender. Books 
that appear of sufficient interest will be reviewed as space permits. 


Medical Cyclotrons in Nuclear Medicine. Progress in Nuclear 
Medicine, vol. 4. Edited by A. N. Serafini and J. E. Beaver. 
Basel: Karger, 201 pp., 1978. $54 

Postcholecystectomy Syndromes: A Clinical Approach to 
Etiology, Diagnosis, and Management. By C. J. Schein. Ha- 
gerstown, Md.: Harper & Row, 264 pp., 1978. $25 

Current Concepts in Pediatric Radiology, vol. 1. Edited by O. 
Eklöf. Berlin: Springer-Verlag, 150 pp., 1977. $24.90 

Diagnosis of Diseases of the Chest, vol. 2, 2d ed. By R. G. 
Fraser and.J. A. P. Paré. Philadelphia: Saunders, 639 pp., 1978. 
$26 

Radiologic Examination of the Orohypopharynx and Esopha- 
gus: The Barium Swallow. By C. Zaino and T. C. Beneventano. 
New York: Springer-Verlag, 317 pp., 1977. $54.80 

Atlas of Gray Scale Ultrasonography. By K. J. W. Taylor. New 
York: Churchill Livingstone, 411 pp., 1978. $35 

Grundlagen der Medizinischen Radiologie. Lehrbuch für Stu- 
dierende. Edited by H. E. Baudisch. Berlin: Volk und 
Gesundheit, 438 pp., 1978. 22-M 

Technical Aspects of Tomography. By M. L. Durizch. Balti- 
more: Williams & Wilkins, 84 pp., 1978. $8.95 

Psychosocial Care of the Dying Patient. Edited by C. A. 
Garfield. New York: McGraw-Hill, 430 pp., 1978. 

Ultrasound in Medicine, vol. 3B. Engineering aspects. Edited 
by D. White, and R. E. Brown. New York: Plenum, 2,197 pp., 
1977. $75 

Growth Kinetics of Tumors: Cell Population Kinetics in Rela- 
tion to the Growth and Treatment of Cancer. By G. Gordon 
Steel. Oxford: Clarendon, 358 pp., 1977. $39.50 


New Methods in Tumor Localization. Edited by Y. Maruyama. 
Lexington: University of Kentucky, 333 pp., 1977. $7.95 (plus 
$1.30 postage: available from Radiation Medicine, University of 
Kentucky, A. B. Chandler Medical Center, 800 Rose St., Lexing- 
ton, <Y 40506) 

1978 Year Book of Diagnostic Radiology. Edited by W. M. 
Whit2house. Chicago: Year Book Medical Publishers, 470 pp., 
1978 $27.50 

Bone Tumors. Encyclopedia of Medical Radiology, vol. 6. 
Edited by K. Ranniger. Berlin: Springer-Verlag, 825 pp., 1977. 
$170 20 

Advences in Radiation Biology, vol. 7. Edited by J. L. Lett and 
H. Adler. New York: Academic Press, 442 pp., 1978. $45 

SI Units in Medicine: An Introduction to the International 
System of Units with Conversion Tables and Normal Ranges. 
By H Lippert and H. P. Lehmann. Baltimore: Urban & Schwar- 
zenberg, 209 pp., 1978. $14.50 

An Atlas of Normal Developmental Roentgen Anatomy. By T. 
E. Keats and T. H. Smith. Chicago: Year Book Medical Publish- 
ers, 801 pp., 1977. $65 

A Practical Approach to Modern X-ray Equipment. By T. T. 
Thompson. Boston: Little, Brown, 233 pp., 1978. $11 

Health Needs of Society: A Challenge for Medical Education. 
ClOMS Round Table Conference and Report of the Scientific 
Sess.on (French/English). Geneva: World Health Organization, 
221 =p., 1977. $9 (ISSN 92 4 056012 2, available U.S. from WHO 
Publications Center, 9 Sheridan Ave., Albany, NY 12210) 
Synapsis of Radiologic Anatomy with Computed Tomography. 
By |. Meschan. Philadelphia: Saunders, 762 pp., 1978. $31 
Word Directory of Schools for Medical Laboratory Techni- 
cians and Assistants. Geneva: World Health Organization, 567 
pp., 977. $24.75 (ISSN 92 4 050004 9, available U.S. from WHO 
Pubiiations Center, 9 Sheridan Ave., Albany, NY 12210) 
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Chest Diseases and Angiography: Two Courses 


The Harvard Medical School has announced two intensive 
courses for radiologists. The first, Chest Disease: 1978, an 
Interdisciplinary Approach with Emphasis on Radiology, will be 
October 16-20 while the second, Angiography: 1978, Angiogra- 
phy in the Era of the New Technologies, is scheduled for 
October 23-26. Both will be in Cambridge, Massachusetts. 

The chest disease course is designed for radiologists, intern- 
ists, thoracic surgeons, and others who deal with chest dis- 
eases. Fee is $335; $225 for residents and fellows. For informa- 
tion, write P. G. Herman, Department of Radiology, Harvard 
Medical School, 25 Shattuck Street, Boston, Massachusetts 
02115. 

The angiography course is for radiologists and others who 
perform or intend to perform angiographic studies. The present 
state of the art will be discussed as well as the role of angiogra- 
phy and its utility in a wide range of clinical problems. Some 16 
90 min workshops will concentrate on these areas: unusual 
renal masses, peripheral angiography and venography, reno- 
vascular hypertension, medical diseases of the kidney; CT, 
ultrasound, and nuclear medicine of the abdomen; angiography 
of endocrine disease; pharmacoangiography; catheters and 
equipment, techniques and pitfalls; diagnosis and therapy of 
gastrointestinal and nongastrointestinal bleeding; pediatric an- 
giography; vascular dilatation; transhepatic cholangiography; 
and portography. A significant segment of the course will be 
devoted to interventional techniques such as infusion, emboli- 
zation, vascular or duct dilatation, and biopsy. Course fee is 
$285; $195 for residents and fellows. Information is available 
from H. L. Abrams, Department of Radiology, Harvard Medical 
School, 25 Shattuck Street, Boston, Massachusetts 02115. 


Gastrointestinal Seminar 


Radiology Seminars will sponsor a postgraduate course, 
Radiology Seminars XVIII, Gastrointestinal Radiology, Septem- 
ber 21-24 in Las Vegas. Organizers are P. R. Koehler, University 
of Utah, and D. O. Davis, George Washington University. The 
course will utilize a seminar format of 2-3 hr sessions daily with 
group sizes limited to 14. A total of 20 hr AMA Category | credit 
is available. For information, contact R. Peay, Department of 
Radiology, University of Utah Medical Center, 50 North Medical 
Drive, Salt Lake City, Utah 84132; telephone (801) 581-8188. 


Michigan Fall Radiology Conference 


The second annual Michigan Fall Radiology Conference will 
be October 13 and 14 at William Beaumont Hospital, Royal Oak, 
Michigan. This conference is intended as a refresher course as 
well as an updating of practical aspects of general diagnostic 
radiology. Distinguished leaders in their fields will discuss 
subjects related to problems in daily practice. Each speaker's 
presentation will be supplemented by a case presentation with 
audience participation. Speakers and topics will be: R. G. 
Fraser, chest radiology; D. Resnick, skeletal radiology; R. 
Miller, gastrointestinal radiology; and H. Pollack, uroradiology. 
Fee is $100; there is no charge to residents although enrollment 
is limited. A total of 16 hr AMA Category | credit is available. For 
information, write J. Farah, Diagnostic Radiology, William 
Beaumont Hospital, Royal Oak, Michigan 48072. 


Corpus Cavernosum Revascularization for 
Impotence 


A conference on Corpus Cavernosum Revascularization for 
Impotence will be September 30 and October 1 at New York 
University School of Medicine. Purpose is to bring together 
urologists, vascular surgeons, and radiologists to define prob- 
lems and to seek better ways to understand and treat impo- 
tence. Among the topics scheduled for discussion is angiogra- 
phy of pudendal vessels. Guest speakers will be J. F. Ginestié, 
Montpellier, France, and V. Michal, Prague, Czechoslovakia. 
For information, write A. W. Zorgniotti, 225 East 19th Street, 
New York, New York 10003. 


Polytomography of the Temporal Bone 


A 2-day symposium on Polytomography of the Temporal 
Bone, sponsored by the Wright Institute of Otology at Commu- 
nity Hospital, Indianapolis, will be September 23 and 24. Sub- 
jects scheduled for discussion include basic anatomy of the 
temporal bone, technique of polytomography of the bone, and 
pathologic conditions revealed by polytomography. Fee is $250; 
a total of 12 hr AMA Category | credit is available. For informa- 
tion, contact the Wright Institute of Otology, Community Hospi- 
tal of Indianapolis, 1500 North Ritter Avenue, Indianapolis, 
Indiana 46219; telephone (317) 353-5679. 


Southeastern Chapter, Nuclear Medicine Meet 


The nineteenth annual meeting of the Southeastern Chapter, 
Society of Nuclear Medicine, will be November 1-4 in Birming- 
ham, Alabama. For information, contact R. H. Rohrer, Depart- 
ment of Physics, Emory University, Atlanta, Georgia 30322. 


Symposium on General Diagnostic Radiology 


The Lahey Clinic Foundation will sponsor a 2 day symposium 
on General Diagnostic Radiology September 15 and 16 in 
Boston. Fee is $100 for the course which will carry 14 hr AMA 
Category | credit. For details, write C. R. Larsen, Department of 
Radiology, Lahey Clinic Foundation, 605 Commonwealth Ave- 
nue, Boston, Massachusetts 02215. 


Medical Imaging Meeting 


The American College of Medical Imaging will conduct a 
scientific meeting in Hong Kong for 1 week with a postmeeting 
tour of the People’s Republic of China for an additional week. 
Two of the major cities in China to be seen are Peking and 
Canton. The entire trip will take place in December. For infor- 
mation, write ACMI, P.O. Box 27188, Los Angeles, California 
90027. 


International Radiopharmaceutical Symposium: 
Call for Abstracts 


The Society of Nuclear Medicine has announced that ab- 
stracts will be accepted until October 16 for exhibits and papers 
relating to radiopharmaceutical research. Those accepted will 
be presented at the Second International Radiopharmaceutical 
Symposium, March 18-23, in Seattle. Specific areas of research 
to which papers should relate are: regulatory affairs, radionu- 
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clide production, inorganic or organic radiopharmaceuticals, 
quality contro!, immunology, respiratory system/biliary tract, 
central nervous system, endocrinology, oncology/hematology, 
renal, skeletal, and cardiopulmonary disorders. Official abstract 
forms, registration, and accommodation information are avail- 
able from the Society of Nuclear Medicine, 475 Park Avenue 
South, New York, New York 10016. 


Bureau of Radiological Health Quality Assurance 
Recommendation 


The Food and Drug Administration's Bureau of Radiological 
Health has published in the Federal Register, April 28, 1978, a 
proposed recommendation for diagnostic radiology quality as- 
surance programs. The recommendation urges all diagnostic 
radiology facilities to voluntarily establish quality assurance 
programs, and also suggests 10 elements that should be in- 
cluded in such programs. 

Radiologists are invited to comment on the proposed recom- 
mendation. Copies may be obtained by writing: Division of 
Training and Medical Applications (HFX-70), Bureau of Radio- 
logical Health, DHEW, PHS, FDA, 5600 Fishers Lane, Rockville, 
Maryland 20857. Comments should be submitted in writing 
before October 25, 1978 to the Hearing Clerk, Food and Drug 
Administration, Room 4-65, 5600 Fishers Lane, Rockville, Mary- 
land 20857. 

The Bureau of Radiological Health also provides assistance 
to facilities wishing to establish or improve quality assurance 
programs. A series of quality assurance manuals is under 
development and a diagnostic Radiology Quality Assurance 
Catalog has been published to provide a listing of available 
quality assurance devices, training, and publications. Informa- 
tion is available from the Division of Training and Medical 
Applications. 


Radiology Northwest Il 


A continuing education symposium for diagnostic radiolo- 
gists will be October 13-15 in Seattle. The program, Radiology 
Northwest II, will feature diagnostic ultrasound and radiography 
of the thorax, skeleton, urinary tract, and biliary tract. Speakers 
will include H. J. Burhenne, G. Friedland, R. Greene, R. John- 
son, and J. Kaye plus faculty members from the University of 
Washington Department of Radiology. Program site will be the 
Washington Plaza Hotel. Fee is $150, and 20 hr AMA Category | 
credit are available. 

As a special feature, the exhibit Treasures of Tutankhamun 
will be available to a limited number of those attending the 
symposium. For information, write: Division of Continuing Med- 
ical Education, E303 Health Sciences, University of Washington 
SC-50, Seattle, Washington 98195. 


Uroradiology Course 


The Society of Uroradiology will hold its first annual course 
in New York City September 15-17. Faculty will be drawn from 
the society's membership. The 3 day course will comprehen- 
sively evaluate the newest developments in uroradiology and 
review basic urologic principles. Also included will be a discus- 
sion of the technique and role of the interventional procedures: 
antegrade pyelography, percutaneous nephrostomy, needle 
puncture of masses, and therapeutic angiography. The course 
will carry 20 hr AMA Category | credit. For information, contact 
J. A. Becker, Department of Radiology, Box 1198, Downstate 
Medical Center. 450 Clarkson Avenue, Brooklyn, New York 
11203. 


Two Conferences at Stanford 


Two international conferences focusing on the applications 
of advanced technology to medicine will be at Stanford Univer- 
sity september 11-14. 

Tae Con*erence on Noninvasive Cardiovascular Measure- 
merts will be September 11 and 12. Cosponsors are the Car- 
dio'ogy Division of the Stanford University School of Medicine 
anc the National Aeronautics and Space Administration. Invited 
presertations on echocardiography, blood pressure, radiogra- 
phy magnetocardiography, and computed tomography will 
highlight the conference. Conference proceedings will be 
ecited and published. 

The Fifth Annual Computers in Cardiology Conference, co- 
spomsored by the Cardiology Division of Stanford University, 
the EEE Computer Society, and the National Institues of Health, 
in eooperaton with the American Heart Association, will be 
September 12-14. Papers will be presented on aspects of the 
apol cations of computers to cardiovascular research, diagno- 
sis, and treatment. A published proceeding will be available 
follawiag the conference. 

T>e two conferences will overlap with a joint session on 
Seot=mber 12. Deadline for advance registration is August 11. 
For edditional information, contact Mrs. D. C. Moo, Conference 
Coordinator, 701 Welch Road, Suite 3303, Palo Alto, California 
94304; telephone (415) 497-7507. 


Meeting and Course Review 


=or reader convenience, a summary of upcoming meetings 
and ccurses is provided. Detailed listings of these events ap- 
peared in journal issues indicated in parentheses. 

Nuc ear Medicine and Biology Congress, September 18-21, 
Washington, D.C. (January). 

UErzsound Meeting, October 19-23, San Diego (March). 

Seuth African Radiological Congress, August 31-September 
6, Johennesodurg (March). 

Amgiography and Vascular Disease, course, September 18- 
21. San Diego (April). 

Italian Radiology Course, September 25-29, Rome (April). 

Séeletal Society Meeting, September 1-3, Boston (May). 

Ev rapean Angiography Course, September 4-8, Leiden, Hol- 


lanc (May). 

Gastrointestinal Symposium, September 9, Los Angeles 
(May). 

CT fer the Diagnostician, course, September 25-28, Boston 
(June). 


Invernational Body Imaging Conference, October 14-22, 
Mau , Hawaii (June). 

Current Concepts in Diagnostic Radiology, course, October 
23-27, Bermuda (June). 

CJ in Radiotherapy, workshop, March 28-30, 1979, Geneva, 
Switzerland (June). 

CT and Ultrasound: Current Perspectives, October 26 and 
27. Houston (June). 

Cardiopulmonary Radiology, seminar, October 13-15, Dallas 
(June). 

Diagnostic Ultrasound in Obstetrics and Gynecology, 
course, September 7 and 8, Baltimore (June). 

Pediatric Radiology, course, September 11-15, Minneapolis, 
Min mesəta (July). 

Pediatric Radiology in the General Hospital, course, October 
4-6, Cane Cod, Massachusetts (July). 

Ceurses in Ultrasound, three 8 week postgraduate courses 
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beginning September 18, January 8, and April 2, respectively, York City (July). 
Winston-Salem, North Carolina (July). Adjuvant Therapy of Cancer, conference, March 28-31, 
Radiology of Trauma, course, October 6 and 7, Omaha (July). 1979, Tucson, Arizona (July). 
Computed Tomography Course, September 21-23, Chicago 
(July). 
San Diego Postgraduate Course, October 16-19 (July). 


Two Courses: Genitourinary and General Diagnostic Radiol- AJR carries relevant announcements of courses and 


ogy, October 6-8, New York City, and Puerto Rico, February 5- symposiums if received a minimum of 4 months in ad- 
vance of the event. There is no charge. Mail announce- 


9, respectively (July). 

Diagnosis of Liver Metastases, symposium, November 30- 
December 2, Brussels (July). 

Symposium on Pituitary Microadenomas, October 12-14, 
Milan, Italy (July). 

Radiology of Bones and Joints, course, October 17-20, New 


ments to: Editorial Office, American Journal of Roentgen- 
ology, 403 Pacific National Bank Building, 4545 15th 
Avenue N.E., Seattle, Washington 98105. Items will not 
be acknowledged. 





Radiological Society of North America Invites ARRS 
Members to Its 1978 Annual Meeting 


Because the American Roentgen Ray Society will not have an annual 
meeting in 1978, the Radiological Society of North America is inviting 
ARRS members to attend its 1978 meeting with privileges normally 
reserved only for members of that society. RSNA will meet in Chicago 
at McCormick Place on the Lake, November 26-December 1. 

RSNA will allow ARRS members, with membership cards, to pre- 
register for the meeting and preselect refresher courses without 
charge. Fees are usually $85 for nonmembers. 

RSNA will accept advance registration for refresher courses until 
October 7. After that date, registrations will be handled in the order 
received until October 27. Any forms received following that date will 
be returned to the sender. However, on-site registration will be avail- 
able at the Palmer House, Chicago, on Saturday, November 25, from 
2-7 p.m. and on subsequent days at McCormick Place on the Lake. 

The August issue of Radiology will carry abstracts of refresher 
courses and forms for housing, registration, and refresher courses. A 
listing of scientific papers will appear in the October Radiology. Forms 
are also available from the Radiological Society of North America, 1415 
West 22nd Street, Suite 1150, Oak Brook, Illinois 60521. 





ae 


Radiologic Societies 





International Societies 


Fleischner Society. Secretary K. Ellis, Columbia-Presbyterian Medical 
Center, 622 West 168th St, New York, NY 10032 

Inter-American College of Radiology. Secretary, G. Morillo, Dept Ra- 
diology, Jackson Memorial Hospital, 1611 NW 12th Ave, Miami, FL 33136 
International Commission on Radiological Protection. Secretariat, 
F. D. Sowby, Clifton Ave. Sutton, Surrey SM2 5PU, England 
International Skeletal Society. Secretary-Treasurer, J. Edeiken, Radiol- 
ogy Dept, Thomas Jefferson University Hospital, 11th and Walnut Sts, 
Philadelphia, PA 19107 

International Society of Radiology. Hon. Secretary-Treasurer, W. A. 
Fuchs, Dept of Diagnostic Radiology, University Hospital, Inselspital, 
CH-3010 Bern, Switzerland 

World Federation of Nuclear Medicine and Biology. 2d International 
Congress, Washington Hilton Hotel, Sept 18-21, 1978, Washington, D.C. 
General chairman, H. N. Wagner, Jr, 1629 K St, NW, Suite 700, Washing- 
ton, D.C. 20006 


U.S. National Societies 


American Association of Physicists in Medicine. Secretary, J. Wright, 
Radiology Dept, Geisinger Medical Center, Danville, PA 17821 

American Board of Radiology. Secretary, C. A. Good, Kahler East, 
Rochester, MN 55901 

American College of Radiology. Executive Director, W. C. Stronach, 20 
N Wacker Drive, Chicago, IL 60606. Annual meetings: 1979, Sept 16-20, 
Chicago, IL; 1980, Sept 21-25, New Orleans, LA 

American Institute of Ultrasound in Medicine. Executive Secretary, D. 
LaMaster, PO Box 25065, Oklahoma City, OK 73125. Annual meetings: 
1978, Oct 7-13, San Diego; 1979, Aug 23-31, Montreal. Spring educa- 
tional meetings: 1978, April 4-9, Puerto Rico; 1979, Feb 23-March 3, 
Lake Tahoe; 1980, March 1-6, Hilton Head 

American Nuclear Society. Program Chairman, T. D. Tarr, U.S. Energy 
Research and Development Administration, Mail Station A-436 Office of 
Assistant Administrator for Nuclear Energy, Washington, DC 20545 
American Radium Society. Business office: N. V. Jordan, Office of the 
Secretariat, c/o M. D. Anderson Hospital, 6723 Bertner Drive, Houston, 
TX 77030. Annual meetings: 1979, March 4—8, Los Angeles; 1980, April 
27-May 1, Philadelphia 

American Roentgen Ray Society. Secretary, J. F. Martin, 300 S Haw- 
thorne Rd, Winston-Salem, NC 27103. Annual meetings: 1979, March 
27-30, Toronto; 1980, April 22-25, Las Vegas; 1981, March 24-27, San 
Francisco 

American Society of Neuroradiology. Secretary, T. El Gammel, Medical 
College of Georgia, Augusta, GA 30902 

American Society of Therapeutic Radiologists. Secretary, W. J. Taylor, 
1100 9th Ave, Seattle, WA 98101. Annual meetings: 1978, Oct 31-Nov 4, 
Los Angeles; 1979, Oct 23-27, New Orleans 

American Thermegraphic Society. Executive Director, N. M. Oldfield, 
PO Box 2055, Gaithersburg, MD 20760. 

Association of University Radiologists. Secretary-Treasurer, J. R. Thorn- 
bury, University of Michigan, Ann Arbor, MI 48109. Annual meeting: 
1979, May 6-10, Rochester, NY 

Health Physics Seciety. Executive Secretary, R. J. Burk Jr, 4720 Mont- 
gomery Lane, Bethesda, MD 20014 

National Medical Association. Secretary, E. Mapp, Episcopal Hospital, 
Philadelphia, PA #9148 

North American Society of Cardiac Radiology. Secretary-Treasurer, E. 
Carlsson, University of California, San Francisco, CA 94143 

Radiation Research Society. Executive Director, R. J. Burk Jr, 4720 
Montgomery Lane, Bethesda, MD 20014 

Radiological Society of North America, Inc. Secretary, T. A. Tristan, 
Fifteenth Floor, One MONY Plaza, Syracuse, NY 13202. Annual meeting: 
1978, Nov 26-Dec 1, Chicago; 1979, Nov 25-30, Atlanta, GA; 1980, Nov 
16-21, Dallas, TX 

Section on Radiclogy, American Medical Association. Secretary, A. 
Raventos, Dept Radiology, School of Medicine, University of California, 
Davis 

Society of Cardiovascular Radiology. Secretary-Treasurer, W. J. Casa- 
rella, Columbia-Presbyterian Medical Center, New York, NY 10032 
Society of Chairmen of Academic Radiology Departments. Secretary- 
Treasurer, D. Bragg, University of Utah, Salt Lake City, UT 84132 


Society of Gastrointestinal Radiologists. Secretary-Treasurer, R. Berk, 
University Hospital, San Diego, CA 92103 

Sociaty of Nuclear Medicine. President, 475 Park Averue S, New York, 
NY 10015 

Society for Pediatric Radiology. Secretary-Treasurer, N. T. Griscom, 
3008Longwood Ave, Boston, MA 02115 

Society of Photooptical Instrumentation Engineers. Secretary, A. H. 
Gct! Aerospace Corp, PO Box 92957, Los Angeles, CA 90009. Annual 
meeting Aug 27-Sept 1, 1978, San Diego 

Society of Uroradiology. Secretary-Treasurer, R. C. Pfister, Massachu- 
setts Gemeral Hospital, Boston, MA 02114 


U.S. State and Local Societies 


ALABAMA 

Alabame Academy of Radiology. Secretary-Treasurer J. L. Wayland, 
401 West College St, Florence, AL 35630 

Section of Radiology, National Medical Association. Secretary, |. 
Brooks Dept Radiology, Veterans Administration Hospital, PO Box 511, 
Tus«xagee, AL 36083 

Sout term Radiological Conference. Secretary-Treasure™, J. W. Maxwell, 
PC Sox.2144, Mobile, AL 36601 


ALASKA 
Alaska Radiological Society. Chapter ACR. Secretary-Treasurer, J. J. 
Kottra, 3200 Providence Ave, Anchorage, AK 99504 


ARKANSAS 
Arkansas Chapter of ACR. Secretary-Treasurer, R. Se bold Jr, Wadley 
Hosnital Texarkana, AR 75501 


ARIZONA 
Arizona Radiological Society. Chapter of ACR. Secretary, A. Newman, 
PO 30x 5099, Phoenix, AZ 85010 


CAL! =OFNIA 

Ca lternia Radiological Society, California Chapter of ACR. Executive 
Secretary, J. M. Allen, 1225 8th St, Suite 590, Sacramenro, CA 95814 
Eas: Bay Radiological Society. Secretary-Treasurer, J... Branscom, PO 
Box 7£, Alamo, CA 94507 

Los Angeles Radiological Society. Secretary, R. M. Witten, St. Vincent 
Medi zal’Center, 2131 W. Third St, Los Angeles, CA 90057 

Northern California Radiological Society. Secretary-"reasurer, J. C. 
Bu 7733 Bahama Ct, Fair Oaks, CA 95628 

Nortħern California Radiotherapy Association. Secretary-Treasurer, J. 
D. Earle, Stanford Medical Center, Stanford, CA 94305 

Oranje County Radiological Society. R. L. Argue, 100 E Valencia Mesa 
Dr, Fullerton, CA 93632 

Radislogical Society of Southern California. Secretary-Treasurer, D. E. 
Blickanstaff, La Jolla Radiology Medical Group, 7849 Fay Ave, La Jolla, 
CA S2037 

Redwocc Empire Radiological Society. Secretary, H. B. Peterson, 357 
Perkins St, Sonoma, CA 95476 

San Diego Radiological Society. President, D J. Fleisch i, 7849 Fay Ave, 
La Jolla CA 92037 

San Francisco Radiological Society. Secretary-Treasurer, P. A. Brodey, 
Dep! Radiology, Mount Zion Hospital, San Francisco, CA 94115 

South Bey Radiological Society. Secretary, R. Wirtz, Redwood Medical 
Clinic, 2800 Whipple Ave, Redwood City, CA 94062 

Sout? Coast Radiological Society Chapter of ACR. Secretary-Treasurer, 
B. F. Scnnier, Dept of Radiology, Cottage Hospital, Pueblo at Bath, 
Sante Barbara, CA 93105 

Souttern California Radiation Therapy Society. Secretary-Treasurer, J. 
Stun! org, 514 N Prospect, Redondo Beach, CA 90277 

Wesvern Neuroradiological Society. Secretary-Treasurer, A. N. Hasso, 
Loma Linda University Medical Center, Loma Linda, CA 92354 


COLORADO 

Colorado Radiological Society. Secretary, P. Danner, St. Anthony Hos- 
pital. Denver, CO 80204 

Rocky Meuntain Radiological Society. Secretary-Treasurer, J. M. Gro- 
gan, £200 E 9th Ave, Denver, CO 80206 


CONA ECTICUT 

Connecticut Valley Radiologic Society. Secretary-Treasurer, G. N. La- 
Pierre, 759 Chestnut St, Springfield, MA 01107 

Radisiogical Society of Connecticut, Inc. Secretary, G. L. Baker, 85 
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Jefferson St, Hartford, CN 06106 

DELAWARE 

Delaware Chapter of ACR. Secretary, E. S. Schubert, Wilmington Medi- 
cal Center, PO Box 1951, Wilmington, DE 19899 


DISTRICT OF COLUMBIA 


Section on Radiology, Medical Society of the District of Columbia. 


Secretary-Treasurer, A. M. Zeina, 21 Masters St, Potomac, MD 20854 


FLORIDA 

The Florida Radiological Society, Chapter of ACR. Secretary, S. H. 
Sarasohn, PO Box, 610544, North Miami, FL 33161 

The Florida West Coast Radiological Society, Inc. Secretary-Treasurer, 
M. Silbiger, 1 Davis Blvd, Suite 103, Tampa, FL 33606 

Greater Miami Radiological Society. Secretary, J. A. Schneider, 1131 N 
35 Ave, Hollywood, FL 33021 

North Florida Radiological Society. Secretary, C. E. Bender, 1430 16th 
Ave S, Jacksonville Beach, FL 32250 

Northeast Florida Radiological Society. Secretary, O. L. Jeter Jr, Orange 
Park Community Hospital, Orange Park, FL 32073 


GEORGIA 

Atlanta Radiological Society. Secretary-Treasurer, J. H. Larose, Dept 
Nuclear Medicine, South Fulton Hospital, East Point, GA 30344 

Georgia Radiological Society. Chapter of ACR. Secretary, T. Vander- 
zalm, Medical College of Georgia, Augusta, GA 30902 


HAWAII 
Hawaii Radiological Society, Chapter of ACR. Secretary-Treasurer, M. 
Meagher, 1301 Punchbowl St, Honolulu, HI 96808 


ILLINOIS 

Chicago Radiological Society, Division of the Illinois Radiological 
Society, Chapter of ACR. Secretary-Treasurer, H. J. Lasky, 55 E Wash- 
ington St, Suite 1735, Chicago, IL 60602 


illinois Radiological Society, Inc, Chapter of ACR. Secretary, R. D. 
Dooley, Hinsdale Medical Center, Hinsdale, IL 60521 


INDIANA 

Indiana Roentgen Society of ACR. Secretary, W. S. Tirman, 919 Jeffer- 
son Blvd, Sound Bend, IN 46617 

Tri-State Radiological Society. Secretary, T. Harmon, St. Mary's Hospi- 
tal, Evansville, IN 47750 


IOWA 
iowa Radiological Society, Chapter of ACR. Secretary-Treasurer, D. L. 
Roberson, 1948 First Ave NE, Cedar Rapids, IA 52402 


KANSAS 
Kansas Radiological Society, Chapter of ACR. Secretary-Treasurer, R. 
H. Baehr, 310 Medical Arts Bldg, Topeka, KA 66604 


KENTUCKY 

Bluegrass Radiological Society. Secretary-Treasurer, J. King, 3313 
Overbrook Dr, Lexington, KY 40504 

Kentucky Chapter of ACR. Secretary-Treasurer, A. Lieber, University of 
Kentucky Medical Center, Lexington, KY 40506 


LOUISIANA 

Ark-La-Tex Radiological Society. Secretary, E. K. Lang, LSU School of 
Medicine, Shreveport, LA 71101 

Loulsiana Radiological Society, Chapter ACR. Secretary-Treasurer, S. 
L. Smith, 250 Vincent Ave, Metairie, LA 70005 

Loulsiana-Texas Gulf Coast Radiological Society. Secretary-Treasurer, 
E. Engert Jr, 618 S. Ryan St, Lake Charles, LA 70601 

Section on Radiology, Southern Medical Association. Secretary, M. 
Sullivan, 1514 Jefferson Highway, New Orleans, LA 70121 


MAINE 
Maine Radiological Society, Chapter of ACR. Secretary-Treasurer, P. E. 
Giustra, Penobscot Bay Medical Center, Rockland, ME 04841 


MARYLAND 

Maryland Radiological Society, Chapter of ACR. Secretary, S. M. Gold- 
man, Sinai Hospital of Baltimore, Belvedere at Greenspring Avenues, 
Baltimore, MD 21215 


MASSACHUSETTS 

Massachusetts Radiological Society, Chapter of ACR. Secretary, A. H. 
Robbins, 150 S Huntington Ave, Boston, MA 02130 

New England Roentgen Ray Society. Secretary, H. F. Gramm, 185 
Pilgrim Road, Boston, MA 02215. 

Northeastern Society for Radiation Oncology. Secretary, C. C. Wang, 
Massachusetts General Hospital, Boston MA 02114 


MICHIGAN 
Michigan Radiological Society, Chapter of ACR. Secretary-Treasurer, 
F. P. Shea, Bon Secours Hospital, 468 Cadieux, Grosse Pointe, MI 48230 


Michigan Society of Therapeutic Radiologists. Secretary, K. E. Mur- 
dock, 302 Kensington Ave, Flint, MI 48502 


MINNESOTA 
Minnesota Radiological Society, Chapter of ACR. Secretary-Treasurer, 
J. B. Marta, 125 W College Ave, St. Paul, MN 55102 


MISSOURI 

Greater Kansas City Radiological Society. President-Secretary, G. D. 
Dixon, St Luke's Hospital, 44th & Wornall Road, Kansas City, MO 64111 
Greater St. Louis Society of Radiologists. Secretary-Treasurer, D. G. 
Spalding, 621 S New Ballas Rd, St. Louis, MO 63141 

Missouri Radiological Society, Chapter of ACR. Secretary-Treasurer, E. 
M. Herman, 701E 63rd St, Kansas City, MO 64110 


MISSISSIPPI 
Mississippi Radiological Society, Chapter of ACR. Secretary-Treasurer, 
J. B. Barlow, 514B E Woodrow Wilson, Jackson, MS 39216 


MONTANA 
Montana Radiological Society. Secretary-Treasurer, E. Drouillard, St. 
Patrick Hospital, Missoula, MT 59801 


NEBRASKA 
Nebraska Chapter of ACR. Secretary-Treasurer, W. H. Northwall, Good 
Samaritan Hospital, Kearney, NB 68847 


NEW HAMPSHIRE 
New Hampshire Chapter of ACR. Secretary-Treasurer, E. P. Kane, 
Claremont General Hospital, Claremont, NH 03743 


NEW JERSEY 
Radiological Society of New Jersey, Chapter of ACR. Secretary. A. J 
Scher, 8 Lord William Penn Dr, Morristown, NJ 07083 


NEW MEXICO 
New Mexico Society of Radiologists, Chapter of ACR. Secretary, W. M. 
Jordan, 1100 Central Ave SE, Albuquerque, NM 87106 


NEW YORK 

Bronx Radiological Society, New York State, Chapter of ACR. Secre- 
tary-Treasurer, L. J. Corbin, 1369 Rosendale Ave, Bronx, NY 10472 

The Brooklyn Radiological Society. Secretary-Treasurer, E. Arida, 450 
4th Ave, Brooklyn, NY 11215 

Buffalo Radiological Society. Secretary, A. Favorito, 166 Soldiers PI, 
Buffalo, NY 14222 

Central New York Radiological Society. Secretary-Treasurer, P. A. 
Randall, Upstate Medical Center, 750 E Adams St, Syracuse, NY 13210 
Kings County Radiological Soclety. Secretary, M. Moore, 7815 Bay 
Parkway, Brooklyn, NY 11214 

Long Island Radiological Society. Secretary, A. S. Trachtenberg, 1200 
Stewart Ave, Garden City, NY 11533 

Mid-Hudson Radiological Society. Secretary-Treasurer, W. D. Stiehm, 
37 Flower Hill Rd, Poughkeepsie, NY 12603 

New York Roentgen Society. Secretary-Treasurer, N. E. Leeds, Monte- 
fiore Hospital, 111 E 210th St, New York, NY 10467. 

New York State Chapter of ACR. Secretary-Treasurer, A. F. Keegan, 6 
Secor Dr, Port Washington, NY 11050 

Northeastern New York Radiological Society. Secretary, D. R. Morton, 
Dept Radiology, St. Claire's Hospital, Schenectady, NY 12304 
Rochester Roentgen Ray Society. Secretary-Treasurer, R. E. Tobin, 
135 Drumlin View Dr, Mendon, NY 14506 

Westchester County Radiological Society. Secretary, H. Kessler, Radio- 
logical Group, 45 kudlow St, Yonkers, NY 10705 


NEVADA 
Nevada Radiological Society, Chapter of ACR. Secretary, C. F. Veverka, 
Carson Tahoe Hospital, Carson City, NV 89701 


NORTH CAROLINA 

Catawba Valley Radiological Society. Secretary, J. N. Owsley, 18 13th 
Ave NE, Hickory, NC 28601 

North Carolina Chapter of ACR. Secretary-Treasurer, M. A. Jones, 
Durham County Hospital, Durham, NC 27705 

Southeastern Chapter Society of Nuclear Medicine. Secretary. V. J. 
Sodd, University of Cincinnati Medical Center, Cincinnati, OH 45267 


NORTH DAKOTA 
North Dakota Radiological Society, Chapter of ACR. Secretary, H. C. 
Walker Jr, PO Box 624, Devils Lake, ND 58301 


OHIO 

Cleveland Radiological Society. Secretary-Treasurer, J. B. McCoy, Ely- 
ria Medical Arts Bldg, Suite 12, Elyria, OH 44035 

Greater Cincinnati Radiological Society. Secretary-Treasurer, C. D. 
Eversole, 722 Scott St, Covington, KY 41011 
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Northwestern Ohio Radjological Society. Secretary, P. C. Chandnani, 
Medial College of Ohio, C. S. 10008, Toledo, OH 43699 


Miami Valley Radiological Society. President. G. W. Bretz. 520 IBM 
Bldg. 33 W 1st St. Dayton OH 45402 

Ohio State Radiological Society, Chapter of ACR. Secretary, W. How- 
land, Aultman Hospital, 2600 Sixth St SW, Canton, OH 44710 


OKLAHOMA 

Northwestern Oklahoma Radiological Society. Secretary, W. L. Laven- 
dusky, 100 Center Plaza Suite C, Tulsa, OK 74119 

Okiahoma State Radiological Society, Chapter of ACR. Secretary, B. 
G. Eaton, 2508 Stillmeadow Rd, Edmond, OK 73034 


OREGON 
Oregon State Radiological Society, Chapter of ACR. Secretary-Treas- 
urer, À. |. Kostiner, 8535 SW Bohmann Parkway, Portland, OR 97233 


PENNSYLVANIA 

Northeastern Pennsylvania Area Radiologists. Secretary-Treasurer, 
A. S. Haber, 181 Wilson Dr, Hazleton, PA 18201 

Pennsylvania Radiological Seciety. Secretary, J. A. Marasco Jr, St. 
Francis Hospital, Pittsburgh, PA 15201 

Philadelphia Roentgen Ray Society. Secretary, M. E. Haskin, 230 N 
Broad St, Philadelphia, PA 19102 

Pittsburgh Roentgen Society. Secretary, R. J. Clearfield, Citizens Gen- 
eral Hospital, 651 Fourth Ave, New Kensington, PA 15068 


RHODE ISLAND 
Radiological Society of Rhode Island, Chapter of ACR. Secretary, F. H. 
Scola, Rhode Island Hospital, Providence, Ri 02902 


SOUTH CAROLINA 
South Carolina Radiological Seciety, Chapter of ACR. Secretary, G. W. 
Brunson, 4315 Woodleigh Rd, Columbia, SC 29206 


TENNESSEE 

Memphis Roentgen Society. Secretary-Treasurer, D. R. Ramey, Baptist 
Memorial Hospital, 899 Madison Ave, Memphis, TN 38140 

Middie Tennessee Radiological Society. Secretary-Treasurer, H. P 
Pendergrass. Vanderbilt University Hospital. Nashville. TN 37232 
Tennessee Radiological Society, Chapter of ACR. Secretary-Treasurer, 
J. W. Grise, Methodist Hospital, 1265 Union Ave, Memphis TN 38104 


TEXAS 

Central Texas Radiology Society. Secretary-Treasurer, E. J. Schoolar, 
Scott and White Clinic, Temple, TX 76501 

Dallas-Fort Worth Radiology Society. Secretary-Treasurer. J. T. Telle. 
900 W. Rando! Mill Road. #120 Arlington. TX 76012 

Houston Radiological Society. Secretary, T. S. Harle, 103 Jones Library 
Bidg, Texas Medical Center, Houston, TX 77030 

San Antonio Civilian Military Radiological Society. Secretary, J. M. 
Chao, Diagnostic Clinic, San Aatonio, TX 

Texas Radiological Society, Chapter of ACR. Secretary-Treasurer, D. 
N. Dysart, Scott and White Clinic, Temple, TX 76501 


VERMONT 
Vermont Radiological Society, Chapter of ACR. Secretary, P. Dietrich, 
Medical Center Hospital of Vermont, Burlington, VT 05401 


VIRGINIA 

Mid-Shenandoah Valley Radiological Society. Secretary, K. L Dwyer, 
King's Daughters Hospital, Staunton, VA 24401 

Richmond Radiological Society. Secretary, M. Vinik, 9504 Carterwood 
Rd, Richmond, VA 23229 

Virginia Chapter of ACR. Secretary-Treasurer, C. P. Winkler, 3500 
Kensington Ave, Suite 2-A, Richmond, VA 23221 


WASHINGTON 

Pacific Northwest Radiological Society. Secretary-Treasurer, K. D. 
Moores, 1118 9th Ave, Seattle, WA 98101. 

Washington State Radiological Society, Chapter of ACR. Secretary- 
Treasurer, D. J. Hesch, 3216 NE 45th PI, Seattle, WA 98105 


WEST VIRGINIA 
West Virginia Radiological Society, Chapter of ACR. Secretary-Treas- 
urer, A. W. Goodwin Il, 200 Medical Arts Bidg, Charleston, WV 25301 


WISCONSIN 

Milwaukee Roentgen Ray Society. Vice President, T. C. Lipscomb, 
1004 N 10th St, Milwaukee, WI 53233 

Society of Nuclear Medicine, Central Chapter. G. J. Weir Jr., Marshfield 
Clinic, Marshfield, WI 54449 

Wisconsin Radiological Society, Chapter of ACR. Secretary-Treasurer, 
J. Unger, Wood VA Hospital, Weod, WI 53193 

Wisconsin Society of Therapeutic Radiologists. Secretary, M Green- 
berg, Milwaukee County General Hospital, 8700 W Wisconsin Ave, 
Milwaukee, WI 53222 


WYOMING 
Wyoming Radiological Society, Chapter of ACR. Secretary, T. E. Hettin- 
ger, 1609 E 18th St, Cheyenne, WY 


Canada 


Canadian Association of Radiologists. Honorary Secretary, M. J. Pa- 
laye», Suite 806, 1440 St, Catherine St W, Montreal, Quebec, Canada 
H3G 1R8. Annual meetings: 1979, Sept 15-20, Vanccuver; 1980, Oct 
4-9, Montreal 

Edmenten and District Radiological Society. Secretary, E. Caplan, 
12320 103rd Ave, Edmonton, Alberta T5N ORZ, Canada 

Toronto Radiological Society. Secretary, H. Shulman, Sunnytrook Hos- 
pital, 2075 Bayview Avenue, Toronto, Ontario, Canada 


Central and South America 


Asociacion Costarricense de Radiologia. Secretary, F. A. Arguedas 
Haug. Apartado 8-5340, San Jose, Costa Rica 

Colegio Brasileiro de Radiologia. Secretary-General L. C. C Teixeira, 
01311 Avenida Paulista, 491, 13th Floor, cj. 132, Sao Paulo, Brazil 
Sociedad Childena de Radiologia. Secretary, M. Neira, Casilla 13426, 
Santiage, Chile 

Sociedad Colombiana de Radiologia. Secretary-Geneval, G Sanchez 
Sanchez, Bogota, Colombia 

Sociedad Peruana de Radiología. Secretary-General, E. de Olazaval 
Tejada, Colegio Médico del Peru, Casilla de Correo 2305, Lima Peru. VI 
Peru Congress of Radiology, Sept 1978, Lima 

Sociedad de Radiologia del Atlantico. Secretary, R. Fernandez, Calle 
40 #41-110, Baranquilla, Colombia 

Sociedad de Radiologia. Radiotherapéutica y Medicine Nuclear de 
Rosario. Secretary-General, M. Muñoz, Santa Fe 1798, Rosaro, Argen- 
tina 


Europe 


Bavarian-American Radiologic Society. Secretary, S. A. O'Eyrne, Ra- 
diclogy Service, Stuttgart, West Germany, 5th General Hospital, APO 
NY 08154 

British Institute of Radiology. Honorary Secretary, D. H. Trapnall, P.N.T. 
Wells 32 Welbeck St, London, W1M/7PG, England 

Cekoslovenska Radiologicka Spole¢nost. Secretary, J. <olar, Radiolog- 
ical Clinc, Parha 2, Unemocnice 2, Czechoslovakia 

Danish Radiological Society. Secretary General, J. Praastholm, Radio- 
logical Cept |, Bispebjerg Hospital, DK-2400, Copenhagen NV, Denmark 
Deutsch Rontgengeselischaft. President, W. Frik, Dept Fadiology, 
Techr Univ Aachen, D-5100 Aachen, Goethestrasse 27/29, West Germany 
European Society of Paediatric Radiology. Permanent Secretary, C. 
Faure, Service de Radiologie, Hôpital Trousseau, 8-28, av du Dr. Arnold 
Netter, 75 571, Paris CEDEX 12, France. Annual meeting and postgradu- 
ate course: April 30-May 1, Köln. 

Faculty of Radiologists (of Ireland). Honorary Secretary, M. Ryan, 
Faculty ef Radiologists, Royal College of Surgeons in Ireland, Stephen's 
Green, Dublin 2, Ireland 

The Hospital Physicists’ Association. Honorary Secretary, R. =. Mould, 
Westminster Hospital, Physics Dept, Page St Wing, London SW1P2AR, 
England 

Norsk Forening for Medicinsk Radiologi. Genera! Secretary, A. Skjen- 
nald, Ulleval sykehus, Oslo, Norway 

Nederlandse Vereniging voor Radiologie. Secretary, H. E. Schutte, 
Dept Raciology, Elizabeth Gasthuis, Haarlem, Netherlands 

Royal Cellege of Radiologists. Secretary, P. D. Thomson, 28 Portland 
Pi, London, W1N4DE, England 

Scandinavian Radiological Society. Secretary-General, C-E. Unnérus, 
Havsvindsv 5C 02120 Esbo 12 (Hagalund-Tapiola), Finland 
Schweizerische Geselischaft fur Radiologie und Nuklearmedizin. So- 
ciete Suisse de Radiologie et de Medecine Nucleaire. Secretary, G. A. 
Schach, 7 Gellerstrasse, CH— 4052 Basel, Switzerland 

Sociedad Española de Radiologia y Electrologia Médicas y de Medicina 
Nuclear. Secretary-General, P. G. Barbera, Villanueva, Madrid 1, Spain 
Societá ltailana di Radiologia Medica e Medicina Nucleare. Administra- 
tive Secretary, R. Dall Acqua, Ospedale Mauriziano, 10128, Torino, Italy 
Sociéte Francaise de Radiologie Médicale, Médecine Nuciéaire et 
Electrologie. Secretary-General, J. Sauvegrain, Hopital ces En ants-Ma- 
lades, 143 Rue de Sevres, 75730 Paris Cedex 15, France. 

Société Francaise de Neuroradiologie. Secretary-General, R. Djindjian, 
16, rue de l'Université 75, Pairs 7, France 

Svensk Förening for Medicinsk Radiologi. Secretary, H. Ringertz, Dept 
Pediatric Radiology, Karolinska Sjukhuset, S— 104 01 Stockhalm, Swe- 
den 
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Africa 


Association of Radiologists of West Africa. Honorary Secretary, A. A. 
Obisen, Dept Radiology, University College Hospital, Ibadan, Nigeria 
Radiological Society of South Africa. Secretary, A. Visser, PO Box 
8850, Johannesburg, South Africa 

South African International Radiological Congress. Director, P. Snei- 
der, PO Box 4878, Johannesburg, South Africa. Durban Annual Con- 
gress: Oct 1978 


Near East and Asia 
Bengal Radiological Association. Honorary Secretary, B. Chatterji, 262 
Rash Behari Ave, Calcutta 700019, India 


Indian Radiological Association. Honorary General Secretary, S. P. 
Aggarwal, 10-B Kasturba Ghandi Marg, New Delhi 110001, India 
Indonesian Radiological Society. Secretary, G. Sasmitaatmadja, Radiol- 
ogy Dept, University of Indonesia, Salemba 6, Jakarta, Indonesia 
Philippine College of Radiology. Secretary-Treasurer, A. Chavez, Box 
1284, Commercial Center, Makati, Rizal, D-708, Philippines 
Radiological Society of Thailand. Secretary, D. Prabbasawat, Dept 
Radiology, Siriraj Hospital Faculty of Medicine, Mahidol University, 
Bangkok 7, Thailand 

Royal Australasian College of Radiologists. Honorary Secretary, T. P. 
Loneragan, 45 Macquarie St, Sydney NSW 2000, Australia 
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The Stratomatic H is CGR's classic 
tomographic system. Completely 
integrated. Automatic. Solid state. 
A preci- 

sion high speed — 

i system that's E ae 


5 


Becauce it's remote, '® 
completely pushbut- ——— 
ton controlled. With a highly maneu- 
verable table top for easy in patient 
positioning. 

Stratomatic H gives you effortless 
blurring pattern selection —linear, circu- 
lar and the famous tri-spiral. Your ex- 
posure times are exceptionally short — 
down to three seconds in tri-spiral. And 

. your sections can be as thin as 0.8 mm. 
A You have automatic film sequencing as 
well as automatic fulcrum programming. 

All told, a system that incorpor- 
ates the ultimate in tomographic geo- 
metry. To produce superb detail and 
contrast, exposure after exposure. ee eE — 

Tomography plus the added 2 a 
advantage of zonography and routine ee oe 
Bucky radiography. With one Buck o> E 
only. At the flick of a switc et a 

Stratomatic— 4 ye Ten 
the premier system 
in tomography. 


ETE 





STRATOMATIC U. 


stratomatic U. The logical extension of CGR's stratomatic U also performs routine 
classic Stratomatic H. The same integrated. radiography, stereo-radiography and 
remote, solid state approach. zonography. Magnification factor is the 
Only now you have 240° tilting Same for all modes. You have remarkably 
spectrum. To quickly and easily position short film-to-patient distance. 
patients for expanded technique opportunities. stratomatic U. Controlled tableside or 
And a large table top for rapid, accurate remotely from the generator. For fast. 
longitudinal and transverse centering. accurate examinations. The logical extension 
The classic three motions —linear, in the Stratomatic family. 


circular and tri-spiral. And short 
exposure times. A dramatic reduction over 
competitive units. 





EXATOME. 


The essence of the famous Stratomatics. “he system is rugged. To give you 
Spartanly designed to be competitive with Stability for maximum film excellence. 
linear units. But featuring all three blurring It's pushbutton operated tableside for fast, 
motions—linear, circular and tri-spiral. cenvenient positioning and operation. 
Exatome brings ‘real’ tomography Arc the Exatome gives you a choice of 
within the reach of every hospital and clinic. sincle or three-phase generator systems. 
With a versatile system that permits routine Exatome—a great step forward in 
Bucky examinations as well. At the flick of economical, multi-directional tomography. 


a switch. 





synchrotome is a unique 
breakthrough in radiography 
and linear tomography. A system 
that's completely “fulcrum arm 
free. There's no concealed 
mechanical linkage. It's all high precision 
electronics. 

Microprocessors constantly monitor all 
tube suspension, x-ray tube and Bucky 4 
movements—complete, absolute syn- 
chronization about a virtual 
fulcrum point. 

An advance designed operator. 
programmer gives you all 
tomographic selections. 


Three amplitude 
selections. Fast and slow speed 
options. Fulcrum level range 
of O to 27 cm, push button 
controlled. Even an electronic 
alarm clock to monitor 
those timed sequence 
examinations such as 
IVP’s and IVC's or others. 
The system's Compact 
table is an easy-to-use island. 
Absolute access to the patient 
from all sides. Table top Is 
four-way, floating, large to 
accommodate patients of any 
size. Your table-to-film 
distance is only 1.6". And, of 
course, you have an ultra-fast 
Bucky and your choice of a 
radiographic grid. With optional 
phototiming. 
Compact/Synchrotome— 
a first in economical, avant-garde 
linear tomography. 



















992 
a 


CGR MEDICAL CORPORATION, 2519 Wilkens Avenue. Baltimore, Maryland 21223 (301 233-23C 
CGR CANADA LTEE-LTD.. 500 Boulevard de | Aéroparc, Lachute, Quebec, Canada, (514) 562-88( 
CGR, 13 Square Max Hymans, 75741 Paris, France, 273-8200 








‘Liquid 
POD AL wis 
Super XL 


A Total System 


For double - contrast 
examination of the colon. 


Satisfactory results in the dou- ee 
ble-contrast examination of the 
colon require special attention to 
two aspects of the procedure. 








First, the barium sulfate formu- 
lation. Our Liquid Polibar (56% . | 
w/w) is a bubble-free, non-pre- ‘View... 
cipitating uniform suspension di 
formulation ... with proper flow 
and coating characteristics. No 
blending required and once rou- 
tines are established, you can rely 
on its consistency. 





One pecunculated and one smaller sessile polyp at the 
The second concern is with the apex of *he sigmond loop. 


proper apparatus. The E-Z-EM Film Courtes: øf Richard Palmer Gold M.D Columbia Presb Medical Center N.Y 
system is unique in that 1/2” lumen 

tubing attached to the enema bag is 

utilized — for freer, more uniform flow. 

Miller Air Retention Tip, with or without 


optional cuff completes the system. g | 


A total system for ease of administration E-Z-EM 7 Portland Ave 
and consistently reliable radiological results. Westbury, New York 11590 
For additional literature, write: 

L J (516) 333-8230 


International Affiliates: E-Z-EM Rooster B V.. Infirmerstraat 5-8, Rotterdam 16. Netherlands 
F.7-FRA Mim RaAwirr: CUA AAS 6 Aa aaa eek as ' aie ab 5 ae aa 
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Ultra-high resolution. 
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Contrast resolution—The CT/T’s ability to resolve Spatial resolution—The CT/T has the ability to 

very slight differences in tissue densities permits clear resolve very small structure, such as the bronchii cut in 
visualization of biliary structure within the liver (figure 1) cross-section (figure 3) and the lamina papyracea and 
and superb grey matter/white matter differentiation bony detail within the ethmoid sinus (figure 4). 


within the brain (figure 2). Although not an example of 
contrast resolution, note the superb visualization of the 
neural tube and spinal nerves in figure 1. 













Youd expect it from GE. 


The company that pioneered 
Fast-Scan CT also gives you 
the best images. 


GE started with the right design, 
right from the beginning: 360°, 
rotate-only, 4.8 second scanning 
with a stable xenon detector. 


provide Clarity and detail un- 
matched by any other CT syste 


The X-2 detector package 
comes as standard equipment 
on the CT/T 8800 scanner, or 
as an option for the CT/T 
7800 system. Both detectors 
(X-1 and X-2) carry GE’s 
straightforward 5-year warranty. 





Now, for CT applications requiring 
ultra-high resolution images, GE offers the 


X-2 detector package. We've nearly doubled These latest developments in CT are a direct 
the number of detector elements to 523 result of GE’s continuing commitment to 
in a 30° arc. diagnostic imaging. A commitment you can 


The result: resolving power of better than 1.0 ih SOUR ROW ARG InviNe MURS: 


mm. With 4.0 mm resolution at 0.4% 
contrast. These unprecedented images , 





General Electric Medical Systems, 
Milwaukee, Toronto, Madrid. 







100 Years of 
Progress for People 


The CT/T Continuum. Best images, best value. 
Now and in the future. 
"å 
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A STUDY GUIDE FOR RADIOLOGIC TECHNOLOGISTS 
by Judith Posner Baron, College of Lake County, Grayslake, 
Illinois. Designed for students of radiological physics, radio- 
graphic circuitry, basic radiographic accessories, and radiation 
biology, this text will also be ideal for the practicing technolo- 
gist who wishes to update his knowledge. The content is pre- 
sented in a programmed stimulus-response fashion, with 
technical terms and concepts presented logically to provide 
optimum comprehension. Emphasis is placed on development 
and application of concepts rather than on rote learning. Re- 
view and summary frames are presented as self-evaluations, 
reference frames encourage placement of concepts within a 
wide concept, and evaluations help students progress to analyt- 
ical and judgemental objectives. 































The introductory ideas of physics, chemistry, and biology are 
discussed although no attempt has been made to fully explore 
these areas. The book details such subjects as exposure tech- 
niques, solid state rectifiers and exposure switches, rare earth 
intensifying screens, grid-controlled x-ray tubes, thermolum1- 
nescent dosimeters, image intensifier tubes, image storing and 
retrieval devices, and electron radiography. 


The text’s purpose is to provide learning success and to foster 
feelings of professionalism and caring. Concepts are related to 
clinical applications and, thence, to good patient care. Famil- 
iarity with the radiological basics can lead to a quest for 
further information. ’78, 560 pp., 200 il., $17.50 

















PRINCIPLES OF RADIOGRAPHIC EXPOSURE AND 
PROCESSING (2nd Ed., 13th Ptg.) by Arthur W. Fuchs, 
Rochester, New York. An amply illustrated guide for the x-ray 
technician and radiologist on the accepted procedures for the 
production of good quality radiographs from properly exposed 
x-ray film, this book describes a simple though exact exposure 
system which is based upon proven fundamental theories and 
practices. Wherever possible, the exposure factors have been 
reduced to constants, thereby eliminating many sources of pos- 
sible error. The text covers the field with such chapters as: 


Silver image formation 

Image characteristics 

Body tissues 

Function of focus-film distance 
Function of kilovoltage 
Secondary radiation fog 
Function of milliampere-seconds 
Additional density factors 
Geometry of image formation 
X-ray intensifying screens 
Standardization of exposure 
Exposure tables and their arrangement 
Processing procedures 


The author stresses that correct processing is an important 
function in radiography because uniformity in result is de- 
pendent not only upon the exposure technique employed but 
also upon the care with which the film is processed. A fourteen 
page glossary of terms and techniques applicable to this field 
adds the final thorough note to this comprehensive work. ’77, 
302 pp. (7 x 10), 600 il., 25 tables, $18.50 


Orders with remittance sent, on approval, postpaid 


301-327 EAST LAWRENCE 


SPRINGFIELD - ILLINOIS - 62717 


Hanley Space Saver X-Ray and Medical Record Cabinets 
are installed in most hospitals in America. 


Top quality and low price is the reason. 
5 compartment with doors—$/99.50 
5 compartment less doors—$171.50 
Brochure F.O.B. Factory 


AMERICA'S LARGEST DISTRIBUTOR OF X-RAY CABINETS 


HANLEY MEDICAL EQUIPMENT CO. 
5414 South Grand X-Ray Division St. Louis, Mo. 63111 


In reply to advertisers 
please mention that you saw 
their advertisement in 
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ROENTGENOLOGY 
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Roentgen Ray Society 
by 


CHARLES C THOMAS eè PUBLISHER 
Springfield, Illinois 62717 


STANFORD 
X-RAY STEREOSCOPE 


CONSULTATION 
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International usage 
for over 30 years 


See Your X-Ray Dealer 
Manufactured in U.S.A. 


SCHNEEMAN ELECTRONICS, Inc. 
Grants Pass, Oregon, 97526 





After some 40 years of 
Supplying individual x-ray 
system components 

to tae industry, Raytheon 
now Offers complete 
x-ray Systems to users. 


(What’s in it for you?) 
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First, What is Raytheon? 


An international, high-technology company with 
worldwide sales of almost $3 billion. Products and 
services include: 

Communications and data handling systems 

Computers 

Electronic tubes 

Semiconductors 

Geophysical exploration services 

Electric utility design and construction 

Radar 

Sonar 

...and medical equipment. 


What medical equipment? 


X-ray tubes, collimators, image intensifier systems, 
patient handling equipment, nuclear medical instru- 
mentation, etc. 


What distinguishes Raytheon Medical 
Imaging from other x-ray suppliers? 


For over four decades, we have been in the unique 
position of designing and manufacturing most of the 
elements involved in x-ray imaging for most of the 
leading suppliers of x-ray equipment. This back- 
ground provides us with unusual insight into the 
factors essential for assuring user satisfaction. 


Will Raytheon Medical Imaging be 
supplying state-of-the-art systems? 

Our extensive experience in the design, development, 
and manufacture of medical equipment... and the 


involvement and commitment of a high-technology 
company with nearly $3 billion in sales... assure it. 





High reliability, maximum uptime 


Extensive analysis of downtime problems makes it 
clear that there are five elements essential in maxi- 
mizing reliability and minimizing downtime. And, 
remarkably, it seems that no company has developed 
an approach that actually integrates the five elements 
into a functioning system. Raytheon Medical Imaging 
now brings these five together: 

(1) Competent local dealers 

(2) Seasoned equipment 
(3) Minimum complexity 
(4) Pre-staging 
(5) A “flying squad.”’ 


Local dealers 


Local dealers have an unambiguous commitment to 
the satisfaction of their local customers and obviously 
cannot thrive unless they satisfactorily and consist- 





cost-effective alternative 


ently service them. (And no one understands this 
better than these local dealers.) Raytheon Medical 
Imaging is now appointing the finest independent 
dealers in each region to assure our customers of 
competent, totally involved, /oca/ representation. 


Seasoned equipment 


Nothing can replace the experience that comes from 
long involvement. “Seasoning” is the result of our 40 
plus years in the design, development, and manufac- 
ture of virtually every element used in diagnostic x-ray 
imaging. In supplying products to the major x-ray 
companies, we've been exposed to every conceivable 
end-user problem. And our “solutions” are now func- 

A tioning in radiology departments all over the country 
... perhaps even in yours. 
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Minimum complexity 


Althcugh making equipment complex is actually 
easier than making it simple, Raytheon Medical 
Imaging has chosen to focus on simplicity. The result: 
equipment that is only as complex as it needs to be... 
equipment that is simple to operate, highly reliable, 
and moderately priced. 


Pre-staging 

In mcst cases, before your Raytheon Medical Imaging 
system is installed at your location, it is first actually 
insta led at ours. As a result of this pre-staging, any 
serious interfacing problems will be seen by us first... 
and corrected before shipment to you. Where this ap- 
proach is not practical, an experienced technician will 
aid yeur organization during the installation and cali- 
bratiomof the equipment. Result: equipment is prop- 
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RAYTHEON MEDICAL IMAGING 





erly tested, debugged, and calibrated. Further result: 
installation is speeded and non-productive break-in 
time is essentially eliminated. 


Our “flying squad” 

Local Raytheon dealers have the experience, training, 
and spare parts to handle virtually all of your service 
needs promptly and effectively. However, whenever 
unusual problems arise that cannot be handled 
locally, your local dealer can immediately activate 
Raytheon’s “flying squad’’—a group of highly skilled, 
factory-based service experts. They are as close to 
you as your local airport. This unusual back-up 
servicing capability is a vital factor in minimizing 
disruptive downtime. It will hardly ever be needed... 
but it’s nice to Know it’s there. 


What is the significance of all this? 


(1) There’s now a brand new x-ray company 
that’s more than 40 years old. 


(2) This company uniquely provides the five 
vital elements involved in assuring 
maximum equipment uptime. 


(3) If you’re contemplating a new or modern- 
ized x-ray installation, you should investi- 
gate Raytheon Medical Imaging systems. 


The cost-effective alternative 


For more information, contact... 


RAYTHEON MEDICAL IMAGING 
Stamford, Connecticut 06907 
(203) 348-2499 


A Public Service of This Magazine & The Advertising Cauncil 
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Help us to help you. 
















OSHA-— the Occupational Safety and Health 
Act of 1970—benefits everybody. Employers 
and employees alike. 

Today, Red Cross is helping em- 
ployers all over the country to meet 
OSHA standards, by training employ- 
ees in first aid and hazard recognition 
practices. The result is that, everywhere, fac- 
tories and other places of business are safer 
and healthier. Another side benefit: employees 
trained in first aid are more valuable employees. 

Next time you wonder where ‘‘all those dollars you 
gave to the Red Cross” are going — you might consider 
this: alot of them are being plowed right back into your 
business! For information about First Aid Training, call 
your local Red Cross Chapter. 


Red Cross. 
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BIRZLE, BERGLEITER & KUNER: Radiology of 
Trauma 


Foreign bodies, fractures, spinal injuries, all types of trauma be- 
come easier to diagnose using radiologic methods. This extremely 
practical text teaches the various uses and techniques applicable 
to the diagnosis and management of trauma patients. 
Neuroradiologic procedures, and injuries to thorax, limbs, skull, 
etc. are also covered. 


By Prof. Dr. Hermann Birzle; Prof. Dr. Rudolf Bergleiter; and Prof. Dr. 
Eugen H. Kuner. Translated and adapted by Herbert Kaufmann, MD. 372 
pp. 536 ill. $65.00. May 1978. Order #1703-4. 


DIBOS & WAGNER: Atlas of Nuclear Medicine: 
Vol. 4—Bone 


By presenting clinical case problems, this book teaches the uses of 
bone scanning as a simple, safe, readily available procedure for 
diagnosis of a wide range of diseases from bone tumors and 
metabolic diseases to arthritis and bone infection. Readers can 
challenge their diagnostic ability by attempting a diagnosis before 
reading the authors’ interpretation and final diagnosis. 


By Pablo E. Dibos, MD, Director, Dept. of Nuclear Medicine, Franklin 
Square Hospital and Good Samaritan Hospital; Asst. Prof. of Radiology, 
Johns Hopkins School of Medicine; and Henry N. Wagner, Jr., MD, Director of 
Nuclear Medicine, Johns Hopkins Hospital; Prof. of Medicine and Radiology, 
Johns Hopkins School of Medicine. About 150 pp. Illustd., some color. About 
$30.00. Ready Oct. 1978. Order #3001-4. 


MESCHAN: Radiographic Positioning 
and Related Anatomy, 2nd Edition 


Here’s a book geared to the needs of practicing radiologic 
technologists and students of x-ray technology. It provides a handy 
condensation of the material in Synopsis of Radiologic Anatomy; 
the author has deleted much of the coverage of basic anatomy, 
but the CT section and all other useful technical material remains. 


By Isadore Meschan, MD, Prof. and Director of Radiology, The Bowman 
Gray School of Medicine of Wake Forest University; Consultant in Radiol- 
ogy, Walter Reed Army Hospital. About 590 pp., 550 ill. Just Ready. 

Order #6270-6. 


FRASER & PARE: Diagnosis of Diseases of the 
Chest, Volumes 1 and 2, 2nd Edition 


The vastly expanded new edition of this monumental clinical study 
will encompass four volumes. Coverage in the lst volume ranges 
from the pulmonary vascular system, nervous system, pleura and 
diaphragm, to the various aspects of chest roentgenology. The 2nd 
volume deals with infectious diseases of the lungs, embolic and 
thrombotic diseases, pulmonary hypertension, pulmonary diseases 
of cardiac origin, and much more. (Vols. 3 and 4 will be available in 
1979.) 


By Robert G. Fraser, MD, FRCP(C), Prof. of Radiology, Univ. of Alabama; 
and J. A. Peter Pare. MD. FACP. Prof. of Medicine, McGill Univ.; 





FORRESTER, BROWN & NESSON: The Radiology of 
Joint Disease—Saunders Monographs in Clinical 
Radiology 2, 2nd Edition 


The remarkably fine quality radiographs in this superb monograph 
provide you with step-by-step instruction in the analysis of joint 
films. Completely revised, its in depth discussion of common 
rheumatologic diseases includes the clinical and pathological cor- 
relations. A new section details the differential diagnosis of ar- 
thritis. 


By D. M. Forrester, MD, Assoc. Prof. of Radiology, Univ. of Southern 
California School of Medicine; Consultant, Arthritis and Rehabilitation 
Center, L.A.; J.C. Brown, MD, Director, Arthritis and Rehabilitation Center; 
Medical Director of the Rehabilitation Center, White Memorial Hospital, 
LA.: and John W. Nesson, MD, Arcadia Methodist Hospital, L.A. About 550 
pp. 530 ill. About $28.00. Ready Sept. 1978. Order #3822-8. 


GERLOCK, KIRCHNER, HELLER & KAYE: The Cervical 
Spine in Trauma—A dvanced Exercises in 
Diagnostic Radiology, 11 


Anyone who interprets the initial radiographs of the cervical spine 
on trauma patients will benefit from this self-teaching text. Its 
question and answer format presents actual case histories and 
radiographs involving the common abnormalities secondary to 
trauma of the cervical spine. Medical students, and residents in 
radiology, orthopedics and emergency room medicine will find the 
book particularly helpful. 


By Amil J. Gerlock, Jr., MD, Assoc. Prof. of Radiology, Chief of Angiog- 
raphy; Sandra G. Kirchner, MD, Asst. Prof. of Radiology, Director of Medical 
Student Education; Richard M. Heller, MD, Assoc. Prof. of Radiology, Direc- 
tor of Pediatric Radiology; and Jeremy J. Kaye, MD, Assoc. Prof. of Radiology, 
Chief of Bone and Joint Radiology Section; all of Vanderbilt University 
Hospital. 167 pp. Illustd. Soft cover. $8.95. June 1978. Order #4115-6. 
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Most computer tomograph scanners have excessive lag-time 
between machine scanning and image reconstruction. 


The Siemens Difference: Instantaneous 
Image reconstruction 


Immediate clinical 
evaluation 


Delayed processing time is a 
thing of the past with Siemens 
computer tomographs, 
SIRETOM and SOMATOM. 

A specially designed high- 
speed computer reconstructs 
scanned images instanta- 
neously. This permits imme- 
diate decisions as to diagnosis 
and course of treatment 
while providing for faster and 
smoother patient processing. 


Reduced scan time 
Scanning for both SIRETOM 
(head scanner) and SOMATOM 
(whole body scanner) is gov- 
erned by the SCINTILLARC 
fan-beam solid-state detector 
array system. The result of 

this advanced engineering 

is evidenced by a dramatic 
reduction in setup and 

scan time along with un- 
surpassed quality tomograms 
achieved under clinical 
conditions. 





Concepts... 


SIEMENS 


Most high-energy linear accelerators continue to use thick target 
and thick scattering foil techniques to produce X-ray and electron beams. 


The Siemens Difference: Advanced X-ray 
target and electron scattering foil systems 


The MEVATRON-20 


Siemens’ newest accelerator, 
the MEVATRON-20, utilizes a 
multiple element X-ray target 
and a unique double-foil 
electron scattering system to 
produce outstanding beam 
quality. Additionally, it features 
an integral verification capa- 
bility for error-free machine 
setup. And with the highly flex- 
ible “Z” patient table, itformsa 
truly integrated installation 
ideally suited for modern radia- 
tion therapy technique. 


The MEVATRON series 


Siemens’ product selection 
also includes the MEVATRON-6 
and MEVATRON-12 which, 
together with MEVATRON-20, 
cover the full spectrum of 
energy and modality 
requirements. 





Most remote-controlled examination units are products 
of alterations to standard radiographic and fluoroscopic units. 


The Siemens Difference: Specific systems 
for specific needs 


Versatile applications 
Siemens responds to the varying 
needs c the radiologist with a full 
line of remote-controlled exami- 
nation Lraits —SIREGRAPH A, 
SIREGF APH B, and SIREGRAPH II. 
Virtuallyevery radiographic or 
fluoroscopic examination may 
be perfarmed on a system from 
Our wide selection of universal 
procedare or dedicated-purpose 
remote-controlled diagnostic 
Droducs. 


Individualized systems 
Our sysems were developed to 
meet the growing preference for 
remote 2xamination tables and to 
meet the need for individual, 
custom designed units that 


would satisfy different levels of a g BE 
requirements for versatility and e SATE i 
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Concepts... 
engineered to radiologic excellence 


SIEMENS 


Most of today’s diagnostic X-ray generators still require lengthy 
programming of routines— individual selection of exposure time, 
focal spot, milliampere, and major and minor kilovoltage settings. 


The Siemens Difference: Organ-related 
push-button programming 


Simplicity of 
operation 

Siemens has engineered 
operator time efficiency into 
diagnostic X-ray genera- 
tors. Both OPTIMATIC 
and ORGANOMATIC 
generator series 
feature organ- 

related techniques 
which eliminate errors 
caused by miscalculation of 
exposure times and settings. 
One push button selects the 
examination units, kV, mAs, 
focal spot, and screen-type. 
The result is more efficient 
operational control and 
improved patient processing. 

















Most X-ray reporting procedures require that the radiologist 
dictate his findings to the clerical staff who then prepares 
the report for editing, writing, and filing. 


The Siemens Difference: Immediate automatic 
processing and printing of final reports 


A new way of 
reporting 

SIREP replaces the dictating 
machine and all other conven- 
tional methods of X-ray reporting 
with a computerized input 
termina! anc a comprehen- 
Sive radiological lexicon, 
RADLEX. Each RADLEX 
frame contains a vocab- 
ulary of diagnostic 
anatomical, and radio- 
logic terms from which 
the radiologist selects 

his findings. These are 
compiled in a logical 
manner by the radiol- 
ogist to form aconcise 
and accurate report 
emphasizing positive find- 
ings, degrees of certainty, 
statements of change, and 
advice for further study. Once 
the text has been completed 
and approved, the radiologist 
simply pushes a button to 
receive a perfectly typed copy 
of his final report. 
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Concepts... 
engineered to radiologic excellence 


SIEMENS 


Most X-ray television display systems enhance images 
by simply doubling line frequency. 


The Siemens Difference: Total electronic 
transfer of all available information 


Improved image 
quality 

Siemens has gone beyond 
doubling the line frequency to 
enhance the image of the VIDEO 
MED H. Electrical bandwidth of 
the video amplifier has been 
extended, resolution of optical 
and electron-optical components 
has been more uniformly distrib- 
uted, and the signal-to-noise ratio 
has been increased. The overall 
result is improved system M.T.F. 


Diagnose directly 
from the television 
display 

The VIDEO MED H repre- 


sents one of the truly great 
achievements in the use of 











X-ray television systems. e 
Details of the fluoroscopic S=... — 
image maintain their sharp- | E . SRDE iy T e R 


ness, even with a high bright | 
ness level in the television aE 
display. 


Most operating room installations incorporate equipment from 
a variety of suppliers that is expected to function as asystem. 


The Siemens Difference: Complete 
single-source O.R. systems 


Total system planning 


There is no room for error when 
itcomes to planning something 
as complex and sophisticated as 
an operating room installation. 
Only Siemens offers an experi- 
enced approach that includes 
the designing, planning, installa- 
tion, in-service training, financing, 
and servicing of a total system 

to meet your individual 
requirements. 


Compatibility is 
engineered into 

the system 

Because Siemens is a single- 
source supplier, system com- 
patibility of all equipment is 
assured. Tables, lights, X-ray 
equipment, electrosurgical units, 
patient monitors, defibrillators— 
all are required to meet the 

high standard of Siemens’ per- 
formance prior to system installa- 
tion. Whenever you are planning 
an operating room, depend on 
Siemens. 





Concepts... | . 
engineered to radiologic excellence 


SIEMENS 


Most mobile C-arm fluoroscopy systems lose their maneuverability 
when used with sterile covers. 


The Siemens Difference: Total maneuverability 
in aseptic procedures 


No inhibition of 
mobility 

Siemens has designed the 
SIREMOBIL 2U with the special 
requirements of the operating 
environment in mind. The C-arm 
is uniquely assembled to the horl- 
zontal support with a recessed 
slide track mechanism. Because 
there are no external gears, 
maneuverability remains unob: 
structed during surgical 
procedures. 


Other system benefits 
The unique operating capability 
of the SIREMOBIL 2U Is excep- 
tionally enhanced with the 
IMAGE STORE disc recorder 
which allows alternating com- 
parison of previously stored and 
live fluoroscopy images. 








= tableside control of spotfilm and 
= photospot technics. Facilitates 
all exams, including pediatrics. 


New Fluoricon L300: the unparalleled, 
9” triple field, suspensionless 
intensifier with high frame rate 

photospot camera. 


Improved imaging in a new lightweight, suspen- Suspensionless intensifier design with patented 


sionless package—the Fluoricon® L300. power assist provides easy operation— 


even in the smallest R&F room. 


Fluoricon L300 is part of GE’s totally new 
R&F system, including MFX computerized 
generators with Quantamatic™ technic 


Higher resolution and higher contrast ratios 
for more diagnostic detail. 


User selectable dose rate provides 






added video gain when needed for 

obese patients, and facilitates lowest management, and the unsurpassed 

dosage for young or thin patients. RFX table/spotfilmer. A complete, 
| i $ compact system for the ultimate in 

MPX computerized technic performance. And it’s easier than 


management allows programmable ever to use—with no hang ups. 


You'd expect it from GE. 


General Electric Medical Systems, 


E Milwaukee, Toronto, Madrid. 
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MPX computerized 
generators give you 
high quality films, 
time after time. 


That's because Quantamatic™ tx 
technic management consistently 
provides the right settings for each 
procedure, with microprocessor 
speed and precision. 


You can store all your technics in 


the tx memory for instant access. Just press the 
appropriate selection buttons and the microprocessor 
instantly calculates and displays all technic parameters. 
Any setting may be overriden on command. 


On the button, 
every time. 








With over 200 programmed AEC 
and fixed time technics (on or off 
table) available, you can handle 
virtually every patient size. From 
infant to obese adult. And any body 
part, including extremities. You'll 
get standardized film quality, from 
exam to exam, room to room. 


Fast, consistent technic selection 
means more time for patient 
positioning. And elimination of 
costly retakes. With MPX, you're 
right on the button every time. 


You'd expect it from GE. 


General Electric Medical Systems, Milwaukee, 
Toronto, Madrid. 
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New... MOTORIZED 


X-RAY VIEWER 
48 FILM CAPACITY 


EQUIVALENT OF 6-4 OVER 4 ILLS. 
VIEW ANY FILM BGT 
INZ SECONDS fgadtehrn 


SIZE 


OR LESS! MV48A 


RANDOM 
ACCESS 








| OPTIONAL 

| SHELF OR 

1 DESK 
AVAILABLE 





FEATURES: 


Specially designed for Radiologists’ offices, smaller hospitals 
and Reading Rooms. 


Sit and view 48 films without moving from viewer to viewer, or 
handling films in and out of envelopes. 


Tauch control-random access makes any set of films available in 
less than seven seconds. 


Holds 14 x 17” or any smaller size. Film grips retain smaller 
sizas at top and bottom of each frame. 


48 — 14 x 17” film capacity. 
12 — 4 Panel wide frames. Viewed 4 over 4. 


Lichts individually controlled for each viewing area. 
Nc light spillover between sections. 


Rugged and compact. 70” wide, 79” high, 22” deep. 
Entire machine can be moved from room to room on casters. 


Inexpensive; purchase justified where larger capacity machines 
are out of the question. 


No installation. Roll it in and operate. 
At'ractive modern styling for every decor. 


Mac in USA by S & S, who have made more motorized 


wiewers than anyone else in the world. Sold sy local X-ray 
dealers backed up by S & S parts inventories and experience. 


S. & S. X-RAY PRODUCTS INC. Accessory Catalog 


The Complete Line of on request. 


‘ SOLD BY LOCAL 
X-Ray Accessories X-RAY DEALERS 


87-93 JAY STREET, BROOKLYN. N.Y. 11201 
Telephone: 212-852-6900 









Up 90 to Deluxe Quality, 
Down 1L5'to Economical Price! 


Philips’ full family of R/F systems offers every- and routine radiography with no ceiling sus- 
thing you need for universal diagnostics. pension required for any imaging systems 

We’re especially proud of the Diagnost 53, a combination! 

90°/15° tilting table for universal diagnostics. Efficient, non-fatiguing operation of the fully 
(In tandem with the power, performance, integrated, physician-oriented, power-assisted 
operational and service simplicity of one of spot film device lets you devote all your time 
our three-phase, high output Classic Genera- to the examination. 


aeons = eee : s l 
rs, you have a classic combination! os : ss . 
tors, you have a classic combination!) Optimal geometric conditions, automatic 


The Diagnost 53 is engineered with Philips’ fluoroscopy control, Anatomically Programmed 
sophisticated specifications, yet priced in the 
very affordable middle range. It gives you full 
facilities for fluoroscopy, spot film radiography 





PHILIPS MEDICAL SYSTEMS, INC. 


FAN DeiNnAnannnd Avinniin Chaltan Cann ARARA 





Diagnost 53 


Requires no ceiling suspension 
for any imaging systems combination 








Radiography savailable with Philips Join the Philips family. It’s more than quality 
Modular Generators), and extensive spot film systems working for you: it’s dedicated experts 
+. device travel ere just some of the reasons working with you. 


you're assuredsof full value with consistently 
optimum diagnostic information. 
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PATHOLOGY IN COMPUTED TOMOGRAPHY OF THE 
BRAIN by Scott D. Henderson, Rush-Presbyterian-St. Luke’s 
Medical Center, Chicago. This reference and guide is designed 
for use by all persons concerned with computed tomography of 
the brain, from technologists to radiologists. The large number 
of brain scans included will familiarize the reader with pa- 
thology as demonstrated in such scans. The views most rep- 
resentative of pathology from over 400 cases are provided. 
Analyses are presented in general terms to explain as much pa- 
thology as the scans are capable of showing. By reading the ex- 
planations and studying the scans, the reader will acquire a 
feeling for the physical nature of the pathology involved. Since 
several pathological conditions have similar appearances on the 
C.T. scan, the author stresses the correlation of clinical data and 
other diagnostic procedures to arrive at a correct diagnosis. This 
book will greatly facilitate learning, and will continue to serve 
the tomography technician, resident, and practicing radiologist 
as a reference of unparalleled comprehensiveness and clarity. ’78, 
216 pp. (6 3/8 x 9 5/8), 839 il., $17.50 


XERORADIOGRAPHY: Breast Calcifications by John N. 
Wolfe, Hutzel Hospital, Detroit, Michigan. The necessary 
criteria for diagnosing the cause of breast calcifications are pro- 
vided in this amply illustrated text. Each illustration is accom- 
panied by a text which includes history, radiographic 
observations and thoughts of the interpreter at the time the x-ray 
report was submitted, presentation of the diagnosis, and discus- 
sion of the case. The text encompasses discussions of calcifica- 
tions associated with malignancies, including location, 
distribution, contour, size and number; characteristic tumor cal- 
cifications of specific forms of malignancies; calcifications of the 
skin and areola; calcifications associated with benign conditions; 
calcifications with lymph nodes; pseudocalcifications; and spec- 
imen radiography. Photographic enlargements are provided. 
‘77, 184 pp. (8 1/2 x 11), 284 il., 3 tables, $22.50 


THE PHYSICS OF RADIOLOGY (3rd Ed., 4th Ptg.) by 
Harold Elford Johns and John Robert Cunningham, both of 
Univ. of Toronto, Toronto, Ontario, Canada. The emphasis of 
the Third Edition of this text has shifted from 200 kv and 
caesium 137 radiation toward higher energy radiations. Infor- 
mation is included on computer techniques and solid state 
dosimetry. The book also introduces the concepts of kerma, 
particle fluence and energy fluence, and illustrates these ideas 
with examples. Radiology called this book “a valuable addi- 
tion to the radiological physics literature,” and went on to say 
‘that “no radiology resident, practicing radiologist, or radio- 
logical physicist should be without a copy of this book at 
hand. It is one of the best texts on the subject available.” ’77, 
812 pp. (6 1/8 x 9 1/4), 398 il., 92 tables, $25.75 


ADMINISTRATION OF A RADIOLOGY DEPARTMENT: 
Hints for Day-to-Day Operation by Murray L. Janower, The 
St. Vincent Hospital, Worcester, Massachusetts. This volume 
demonstrates that the application of common sense and sound 
business management principles to a radiology department 
will produce a marked improvement in its day-to-day opera- 
tion. In addition to a general overview, various units of the 
department are dissected and discussed. Specific attention has 
been given to methods used in handling patients, functions of 
the technologist, establishment of a quality control program, 
efficient production of radiological reports, methods of film 
interpretations, darkroom operations, and functions of a file 
room. All discussions are supported by statistical data. °76, 72 


pp., 8 il., 7 tables, $7.50 


HOUSEKEEPING PROCEDURES FOR THE SMALL HOS- 
PITAL by Raymond Blount, Jowa Lutheran Hospital, Des 
Moines. Hospital housekeeping has evolved to the point where 
it is now a science and a vital part of hospital operations. This 
unique book will provide housekeeping personnel and trainees 
with the information necessary for maximum effectiveness. 
The text covers all aspects of housekeeping for the small hos- 
pital or nursing home, from records, budgeting and pur- 
chasing to specific methods for cleaning a given surface. 
Supervisors will find helpful suggestions for employee eval- 
uation, delineation of duties, communications and reports. 
Information is also included on germicides, stain removal, 
safety, floor care, infection control, and environmental cul- 
turing. The housekeeping methods described are simple and 
will result in a clean and attractive institution. The book as a 
whole will inform and guide the staff and will upgrade the 
function of housekeeping. ’78, 152 pp., 2 tables, $11.50 


AN ATLAS OF POLYTOME PNEUMOGRAPHY: With Par- 
ticular Reference to the Midline Ventricles of the Brain by 
Taher El Gammal and Marshall B. Allen, Jr., both of Medical 
College of Georgia, Augusta. Assisted by Paul Dyken. This 
atlas presents a large number of studies which supplement the 
study of normal anatomy of the cerebrospinal fluid pathways, 
and provide comparison for the identification of abnormal 
structures. Concentration is on the findings of polytome 
pneumography but, where possible, correlations are made with 
angiography, positive contrast ventriculography, and CAT ex- 
aminations. Relative values of these different examinations are 
demonstrated to allow the reader to judge for himself which 
would be the best method in a given situation. Topics include 
normal CSF pathways, atrophy, hydrocephalus, and intrasellar 
subarachnoid recess herniations. ’77, 480 pp. (8 1/2 x 11), 729 
il., $39.50 


XERORADIOGRAPHY: Uncalcified Breast Masses by John 
N. Wolfe, Hutzel Hospital, Detroit, Michigan. This book 
presents information and graphic material to assist the radiol- 
ogist in arriving at a reasonable differential diagnosis when 
confronted with uncalcified breast masses. The order of pre- 
sentation proceeds from the obvious malignancies character- 
ized by a mass with a well-developed spiculated margin, 
through the more subtle circumscribed carcinomas such as the 
medullary or colloid variety, and finally, to the most difficult, 
those that do not present a well-defined mass but merely an 
area of increased density. Benign tumors are also considered in 
detail. This section illustrates the classic types of pathology 
followed by examples of variations. Finally, cases are shown 
where one simply cannot arrive at a correct diagnosis. ’77, 208 
pp. (8 1/2 x 11), 307 il., $28.00 


THE FUNDAMENTALS OF RADIOLOGICAL SCIENCE by 
JOHN Hale, Hospital of the Univ. of Pennsylvania, Philadel- 
phia. Training programs in radiology have been restructured 
in that the subject matter is now being divided into the two 
areas of basic radiology and the fundamentals of mathematics 
and physics common to all specialties. Chapters on such sub- 
jects as radiation-producing machines or interaction of radia- 
tion with matter are offered. With the rapidly evolving 
technology in clinical application, students should have an 
understanding of the basic principles of radiology found in 
this text which is directed toward first year residents in radi- 
ology, but it should also be useful as a beginning text for 
physicists and engineers who are interested in radiological or 
health physics. ’74, 356 pp., 172 il., 3 tables, $14.75 
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THIS BOOK TELLS 
A LOT ABOUT US .\WITHOUT ONCE 
MENTIONING OUR NAME 


OR OUR PRODUCTS 


The name of this volume is Certificate of 
Need: An Expanding Regulatory Concept. 
Not once in its 944 pages does the name 
Pfizer appear. 

Yet, despite this, we are proud to 
offer this book to several hundred 
people in the health care field, with our 


compliments, as part of an important, new 


Pfizer program called the Certificate of 
Need Assistance Program. 


A Total CON. Assistance Program 


Pfizer’s C.O.N. Assistance Program is 
designed to aid you in the increasingly 
regulated climate in which medicine 
now operates. As one of the health care 
industry's leaders for 129 years, Pfizer 
teels a responsibility not only to provide 
quality products but also to join the 
medical community in its current search 
tor effective ways to comply with these 
regulations. Typical of these require- 
ments is the Certificate of Need, orC.O.N., 
which is required in most cases where 
tederal funding is involved in paying for 
major equipment or plant expansion. 


Toll-free CON. Assistance Service 


Applying for the C.O.N. can be a com- 
plicated process—sometimes contusing, 





always time-consuming. The Pfizer 
C.O.N. Assistance Program can help. 
The two main components of this pro- 
gram are the book, Certificate of Need: 
An Expanding Regulator’ Concept, and 
the toll-free C.O.N. Telephone Service to 
answer questions aboutthe cost effec- 
tiveness of diagnostic equipment, as 
well as how this informatian relates to 
C.O.N. requirements. 

To use our C.O.N. elephone Ser- 
vice just phone 800-6 38-9690, from 
9 a.m.-5 p.m. Monday trough Friday. 
(In Maryland, please ca | 301-992-7384. 
collect.) 


Complimentary Bocks to 
Administrators and Radiologists 


Many hospital administ:ators have al- 
ready received copies o the book. We 
have also offered it to chief radiologists 
throughout the country and to certain 
other medical and adm nistrative per- 
sonnel who are involved in the purchase 
ot diagnostic equipmen:. 

(Incidentally, if you have not per- 
sonally received Certizicate of Need: An 
Expanding Regulatory Cencept, and you 
take part in major purc hasimg as a hos- 
pital executive or radiologist, you are 
welcome to a complimentary copy. To 
receive it, just send us your request on 
your Official letterhead. 


The book, as its title suggests, is a 
comprehensive, state-by-state compila- 
tion of current C.O.N. requirements. We 
feel that it makes a substantial contribu- 
tion to understanding this very complex 
subject. And it is a subject in which we 
feel a special responsibility, since CT 
scanners usually require this document. 


Full Range of 
Pfizer Radiological Services 


Now that we have told you how we're 
making it easier for you to meet the reg- 
ulatory requirements for buying diagnos- 
tic equipment, we'd like to tell you why 
you should want to. 

There's an expert specially qualified 
to do just that: the Pfizer Medical Sys- 
tems or Radiologic Sciences Technical 
Representative. 

He'll give you useful, specific in- 
formation on the one subject that isn’t 
included in the C.O.N. Assistance Pro- 
gram. 

Our Products. 


Ptizer Inc. 
235 East 42nd St. 
New York, NY. 10017 


Advancing the 


Science of Therapeutics 


and Diagnostics. 
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= Complimentary books to 
Administrators and Radiologis 


Please send requests on official letterheads 


Mr. Grant W. Denison, Jr. 
Director of Planning 

Pfizer Pharmaceuticals and 
Diagnostic Prodiicte 
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Fluoroscopically Guided Thin Needle Aspiration Biopsy of the Abdomen and Retroperitoneum. Pereiras RV, Meiers W, 
Kunharat B, Troner M, Hutson D, Barkin JS, Viamonte M 


Association of Antral Diaphragms and Hypertrophic Pyloric Stenosis. Mandell GA 


Double Contrast Barium Enema in Crohn’s Disease and Ulcerative Colitis. Kelvin FM, Oddson TA, Rice RP, Garbutt JT, 
Bradenham BP 


Malignant Fistulae of the Gastrointestinat Tract. Martinez LO, Manheimer LH, Casal GL, Lubin J 
Air in Gallbladder: A Frequent Finding in Gallstone lleus. Balthazar EJ, Schechter LS 
Gallstones: In Vitro Comparison of Physical, Radiographic, and Ultrasonic Characteristics. Carro// BA 


Surgical and Pathologic Correlation of Cholecystosonography and Cholecystography. Crade M, Taylor KJW, Rosenfield 
AT, de Graaff CS, Minihan P 


Prone View Ultrasonography for Pancreatic Tail Neoplasms. Go/dstein HM, Katragadda CS 
Ultrasonography of Primary Cysts of the Liver. Spiegel RM, King DL, Green WM 
Fine Needle Aspiration Biopsy in the Diagnosis of Mediastinal Lesions. Rosenberger A, Adler O 


Ventilation-Perfusion Scans in Neonatal Regional Pulmonary Emphysema Complicating Ventilatory Assistance. 
Leonidas JC, Moylan FMB, Kahn PC, Ramenofsky ML 


Detection Accuracy in Chest Radiography. Gray JE, Taylor KW, Hobbs BB š 

Bronchography in the Recognition of Congenital Cystic Bronchiectasis. Aliabadi P, Shafiepoor H 

Laryngocele. Lindell MM Jr, Jing BS, Fischer EP, Guillamondegui OM, Wallace S 

Wilms’ Tumor to the Heart: Clinical and Radiographic Evaluation. S/ovis TL, Cushing B, Reilly BJ, Farooki ZQ, Philippart 
Al, Berdon WE, Baker DH, Reed JO 

Benign Pneumoperitoneum Following Median Sternotomy Incision. Glanz S, Ravin CE, Deren MM 

Anterior Pathway for Transdiaphragmatic Extension of Pheumomediastinum. Kleinman PK, Brill PW, Whalen JP 

Radiographic Spectrum of Pleuropulmonary Tularemia. Rubin SA 

nore re of the First Carpometacarpal Joint in Scleroderma. Resnick D, Greenway G, Vint VC, Robinson 

, Piper 

Pseudocysts of the Humerus. Helms CA 

Proximal Femoral Focal Deficiency. Schatz SL, Kopits SE 

— Oblique Radiography of the Pediatric Lumbar Spine: Is It Necessary? Roberts FF, Kishore PRS, Cunningham 


Remote Effects of Neuroblastoma. Keating JW, Cromwell LD 

Hysterographic Double-outlined Uterine Cavity: A Sign of Unsuspected Pregnancy. /saacs | 

Incudostapedial Joint in Health and Disease. Matsubara R, Konrad H, Hanafee WN 

Accuracy of Computed Tomogr “td in Detecting Intraabdominal and Pelvic Adenopathy in Lymphoma. Lee JKT, 
Stanley RJ, Sagel SS, Levitt R 

CT Detection of Infected Synthetic Grafts: Preliminary Report of a New Sign. Haaga JR, Baldwin GN, Reich NE, Beven 
E, Kramer A, Weinstein A, Havrilla TR, Seidelmann FE, Namba AH, Parrish CM 


Diagnostic Oncology Case Studies: “Maxillary Sinusitis’ and Cancer: The Role of Polytomography. Contributed by 
Rao A, Gilbert HA 


CASE REPORTS 
CT-guided Seldinger Catheter Drainage of a Hepatic Abscess. Stephenson TF, Guzzetta LR, Tagulinao OA 


Mediastinal Lymphadenopathy and Undifferentiated Connective Tissue Disease: Case Report and Review. Gordonson 
J, Quinn M, Kaufman R, Van den Tweel JG . 

Duodenal Tuberculosis. Black GA, Carsky EW 

Control of a Traumatic Vertebral Arteriovenous Fistula by a Modified Gianturco Coil Embolus System. Aossi P, 
Passariello R, Simonetti G 

Reduction of Jejunogastric Intussusception during Upper Gastrointestinal Examination. Marx WJ 

Spontaneous Rupture of a Calyceal Diverticulum during Urography. Ulreich S, Lund DA, Jacobson JJ 

Pancreatic Cystadenocarcinoma: CT Body Scan and Gray Scale Ultrasound Appearance. Carroll B, Sample WF 

Extravasation of Ethiodol into Deep Tissues of the Foot: A Complication of Lymphangiography. Rubin BE 

Detection of a Cerebrospinal Fluid Fistula by Computed Tomography. Levy JM, Christensen FK, Nykamp PW 


TECHNICAL NOTES 
Computed Sagittal Tomography of the Orbit. Haverling M, Johanson H 
Water Distension of the Gut in the Evaluation of the Pancreas by Ultrasound. Crade M, Taylor KJW, Rosenfield AT 
The Hook Sign in Type 3 Congenital Colonic Atresia. Se/ke AC Jr, Jona JZ 


SPECIAL REPORT: International Nomenclature of Constitutional Diseases of Bone 


Editorial: Authors of Scientific 359 Abstracts of Current Literature 
Articles and the Copyright Act 364 Book Reviews 
of 1976. Passano WM Sr 366 News 

Letters 369 Radiologic Societies 
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of nuclear medicine with its extensive line of syste 
that extend the clinical utility of nuclear cardiolk 
throughout the hospital. 

The Pho/Gamma® L.E.M. Low-energy Mobile Se 
tillation Camera. 

The Scintistore™ Time-compression Data Stora, 
Retrieval System. 

The Gamma/Cor™ RCG Cardiac Probe. 

The Scintiview™ Image Control Station. 

Versatility and great images. They're the reasons v 
this is the most complete and efficient nuclear card 
ogy line available. Find out how our product technol 
can serve your needs in nuclear cardiology by cont: 
ing Searle Radiographics. 
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PET-TV photons, just as it does im the PET- Write or phone. We'll be glad to 


a. oe > : Scope. We developed our PET-TV by supply the details. 
from Diagnostic Information, Inc. adding a high quality TY system with Diagnostic Information Incorporated 


Diagnostic Information knows that a SIT tube in the TV camera. 246 Sobrante Way, Sunnyvale, 
eee ee two major a a ee The SIT tube is not ar untried California 94086. 
sepia a high gora assa tae novelty; it’s the tube used in Apollo Phone: (408) 736-3500. 
image and lower ry dost maree Our- Space misions, selected Dr ies out 
fou superb y ea ee tie e reliability and low-light 
~ at a very low dose. With a properly The PET system IE cles: 
filtered x-ray beam, the dose rate at ale 
low-lag and low-noise images at low- 


phe table tog averages around L3 dose levels. And you stil retain the 





R/min. for ¿dult patients. option oF divect viewing: b : 
The new °ET-T'V system benefits The system adapts to most any spot Diagnostic 
from our orginal breakthrough in film device; it’s light, maneuverable, Information 


image inten ifiers: The Panel Electron 
Tube. This revolutionary PET-intensifier 
makes better use of the available x-ray 


compact, and generally requires no Incorporated 
overhead suspension. It’s just what 
you—and your patients—deserve. 
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In the Xerox 150 S-4 Real-time Ultra- 
sound System, we've put together many fea- 
tures that are worth looking into. 

Here are 20 of them. 

1. Excellent lateral resolution: The beam 
width is 2mm at the skin line, 3mm at 10cm 
depth and only 4.5mm at the full 20cm depth 
i A 

2. Excellent axial resolution: Data is sampled 
every .8mm along the beam axis. 

3. Deep scan penetration: 20cm deep. 
Enough to accurately diagnose obese patients. 
4, Annular array transducer: Pen ds a 
dynamically focused pencil-thin beam 

throughout the entire depth of scan. 

5. Dynamic focusing: One transducer 
does it all. Maximum side-lobe suppression: 
maximum signal-to-noise ratio in area of 
interest. 

6. Water path system: Minimizes near-field 
distortion re a a field of view. 

7. Total digital operation: Digital scan con- 
verter-type functions, digital memory, digital 
microprocessor give you the flexibility for the 
future and reliability for today. 

8. Video invert: Provides viewing and 
recording of either black on white or white on 
black images. 

9. Image repeatability: Automated opera- 
tion helps all trained personnel to achieve vir- 
tually the same images. 


XEROX? is a trademark of XEROX CORPORATION 
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OK AT SOUND. 


10. Image magnification: A 1.5x enlarge- 
ment of the displayed image allows easier 
viewing of small structures. 

11. Flicker free images: Displayed on a 
large 17” TV monitor. 

12. Real-time Search mode: Permits rapid 
orientation thus increasing the number of 
patients examined. 

13. Automated B-scan Study mode: Maxi- 
mum resolution. Simpler operation. Reduced 
scanning time. 

14. Stop frame mode: Permits detailed study 
and photography in either real-time or auto- 
mated B-scan Study mode. 

15. Automatic sectioning mode: Provides pro- 
grammable “tomographic” sections broach 
the anatomy without moving the scanning 
head. 

16. Total system warranty: One year labor; 
one year parts, including the annular array 
transducer. 

17. Alphanumeric data entry display: Pro- 
vides input of three full lines, 16 characters 
each, for a total of 48. Plus an additional line 
showing scanning head position and image 
reference data. 

18. Multiple hard-copy compatability: Use 
with your choice of video tape seas A roll 
film cameras, instant film cameras, multi- 
format cameras. 

19. Modular construction: Ease of service; 
accommodates advanced capability design 
changes. 

20. Abdominal versatility: Superior real- 
time diagnostic evaluation of liver, kidney, 
spleen, pancreas, gallbladder, aorta and other 
ia vessels. Complete OB/Gyn studies 
including the lower uterine segment. 

For more information, and a closer look 
at the Xerox 150 S-4, call Ty Fairchild at (213) 
351-1579, or write Xerox Ultrasound , 125 
North Vinedo Street, Pasadena, CA 91107. 


XEROX 


The Xerox 150 S-4 was developed and is manufactured by Mediscan, Inc., South Windsor, Connecticut 


clear clean colon 


versatile bowel evacuant fordiagnostic procedures 





May be used prior to: May be used: 

G.I. radiography Alone, in a single dose 

Urologic radiography Alene, in divided doses, particularly in elderly or 

debilitated patients 
Colonoscopy . : : : 
: : With adjunctive use of citrate of magnesia, laxative 

Sigmoicoscopy suppositories and enemas, as required 

Other diagnostic bowel procedures As part of other regimens, such as hydration 


X-PREP Liquid is formulated specifically for effective bowe! evacuation prior to diagnostic procedures. 

It induces peristalsis through virtually colon-specific action. X-PREP Liquid has been found effective in 
cleansing the colon for diagnostic evaluation in 95% of 743 patients prepared for barium enemas, intrave- 
nous pyelography, or colonoscopy.* Its pleasant taste meets with high patient acceptance, and its ease 

of administration is appreciated by the patient and nursing staff. 


Supplied: X-PREP Liquid (standardized extract of senna fruit) in 21⁄2 fl. oz. bottles (alcohol 7% by volume). X-PREP Powder (standardized 

senna concentrate) in % oz. containers. Now Available: X-PREP™ Bowel Evacuant Kit. Each kit contains: two SENOKOT® S Tablets (standardized 
senna concentrate and diocty! sodium sulfosuccinate), one bottle of X-PREP® Liquid 2% fl. oz., and one RECTOLAX™ Suppository (bisacodyl 

10 mg), plus easy-to-follow patient instructions for hydration, clear liquid diet, and the correct time sequence of administering the above laxatives. 


"F 5 ae oe reo . “5: * Bibliography available upon request. 
Colonoscope, courtesy-of Olympus Gray Pharmaceutical Co., Affiliate i h oe 


The Purdue Frederick Company 
© Copyright 1978, Gray Pharmaceutical Co. Norwalk, CT 06856 
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PSO AW ae PREY 


Patent Pending 


Amrad’s new THV table literally obsoletes every 
horizontal radiographic table on the market—including, 
unfortunately, some of our own. “THV,” you see, 
stands for Top Height Variable. 

Touch a control and the top 
lowers to a comfortable, “please-sit- 
down” chair-height. Touch it again, 
and the top floats effortlessly back to a 
32-inch examination height, even with 
a 400-pound patient aboard. 

The desirability is obvious. Be- 
cause the THV table offers much more 
than just convenience. It adds a much 
needed margin of safety—completely 
eliminating the need for a hazardous 
| footstool. It allows extended source- 




















image distances of 55” or more— 
opening the way to many new tech- 
niques that were either not possible or 
awkwardly inconvenient before. 
And with today’s 
spiraling costs, 
the Amrad THV 
table offers an 
important savings of 
time. After all, most 
of the time for an average proce- 
dure is spent positioning the patient. 
Procedures are often complicated by 
patient feebleness or incapacity—certainly a common 
problem in every radiographic facility. Throughout the 
day, extra people must be available to help the tech- 
nologist with those instances. 

But not with the Amrad THV 
table. An Amrad THV room allows 
fewer people to perform more 
examinations in less time. 


+ Sea Se ae That high-volume capacity is 
augmented by the now-famous Amrad 

| four-way floating top—the one that 

travels as far or farther in every dimen- 


sion than that of any other radiographic 
table—no matter what the price. After 
initial positioning, there is no possible 
coverage, head to toe, side to side, 
that could require scooting or sliding 
the patient. 











The table is augmented by the Amrad tubestands— 
the ones where the tube and vertical bucky combination 
goes all the way to the floor—allowing weight-bearing 
proeedures to be handled with a minimum of dangerous 
and bulky platform accessories. And by the superb 
Craic-series of 600 MA generators—the ones with the 
smali, remote-control console connected with low- 
voltage telephone cable. The ones that have earned a 
near-perfect record of reliability. 

And so Amrad’s new THV table makes possible 
the first radiographic room that is designed around 
people, instead of machines. Surprisingly, it’s not 
expensive —costing little or no more than obsolete 
tables. Phone collect for the name of your local Amrad 
dealer. 

And go sit down on the first radiographic table 
that kneels. 
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A Raytheon Company 


The common-sense people 
in x-ray 


2020 North Janice Avenue 
Melrose Park, Illinois 60160 
(312) 865-2600 
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e Choice of dose forms e» Minimal side effects 








Oragrafin’ 
Calcium Granules 


(lpodate Calcium for Oral Suspension U.S.P) 


for rapid same day cholecystography SQUIBB” 


Oragrafin’ The leader ERP 


Sodium Capsules in radiologic fs 
(Ipodate Sodium Capsules U.S.P) diagnostics 
for routine overnight cholecystography Sse nid paneer bie ene 
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the reason is clear” 








Oragrafin® Calcium Granules 
lpodate Calcium for Oral Suspension U.S.P. 


Oragrafin® Sodium Capsules 
lpodate Sodium Capsules U.S.P. 


CONTRAINDICATIONS: Both preparations are contraindi- 
cated in patients who are hypersensitive to ipodate salts. 
WARNINGS: A history of sensitivity to iodine per se or to other 
iodinated compounds is not an absolute contraindication to 
the use of these preparations, but calls for extreme caution in 
administration. 
Usage in Pregnancy: The safety of these preparations for 
use during pregnancy has not been established; therefore, 
they should be used in pregnant patients only when, in the 
judgment of the physician, their use is deemed essential to 
the welfare of the patient. 
PRECAUTIONS: Increasing the dosage above that recom- 
mended increases the possibility of hypotension. Anuria may 
result when these preparations are administered to patients 
with combined renal and hepatic disease or severe renal im- 
pairment. Renal toxicity has been reported in a few patients 
with liver dysfunction who were given oral cholecystographic 
agents followed by urographic agents. Administration of 
urographic agents should therefore be postponed in any pa- 
tient with a Known or suspected hepatic or biliary disorder 
who has recently taken a cholecystographic contrast agent. 
Gastrointestinal disorders which interfere with absorption 
and liver disorders which interfere with excretion may result in 
nonvisualization of the hepatic and biliary ducts and the gall- 
bladder.Contrast agents may interfere with somechemical de- 
terminations made on urine specimens; therefore, urine 
should be collected before administration of the contrast 
media or two or more days afterwards. Thyroid function tests, 
ifindicated, should be performed prior to the administration of 
these preparations since iodine-containing contrast agents 
may alter the results of these tests. 
ADVERSE REACTIONS: Mild and transient nausea, vomit- 
ing, or diarrhea sometimes occur; the incidence can be re- 
duced by using the calcium granules and restricting the 
dosage to 3 g. in persons prone to gastrointestinal reactions. 
Transient headache, dysuria, or abdominal pains may occur. 
Hypersensitivity reactions may include urticaria, serum 
sickness-like reactions (fever, rash, arthralgia), other skin 
rashes, and rarely anaphylactoid shock. They are more likely 
tooccur in persons with a history of allergy, asthma, hay fever, 
or urticaria and in those who are known to be hypersensitive 
to iodine compounds. 


Note Concerning Dosage: A total dose of 6 g. (12 cap- 


sules or 2 packets of Granules) per 24-hour period should not 
be exceeded. 

For full information, see Package Insert. 
HOW SUPPLIED: Oragrafin Calcium Granules (|podate Cal- 
cium for Oral Suspension U.S.P.) provide 3 g. ipodate calcium 
per packet; available in boxes of 25 single-dose foil packets. 
Oragrafin Sodium Capsules (lpodate Sodium Capsules 
U.S.P.) provide 0.5 g. ipodate sodium per capsule; available 
inboxes of 25 vials (each vial contains 6 capsules), in bottles 
of 100, and in Unimatic® packages of 100. 


€1977E R Squibb & Sons. Inc H637-502 



















Hanley Space Saver X-Ray and Medical Record Cabinets are installed in most 
hospitals in America. 


Top quality and low price is the reason. It's #1. Regular 5 compartment with 
doors or open 19'/2 x 32 x 83. Deluxe Oversize 5 High 23 ?/⁄4 x 32 x 88. F.O.B. 


Factory. In X-Ray rooms it's the oversize. Extra depth means easier filing. 
AMERICA'S LARGEST DISTRIBUTOR OF X-RAY CABINETS. 


HANLEY MEDICAL EQUIPMENT CO. 
5614 South Grand X-Ray Division St. Louis, Mo. 63111 
Phone 314-351-3359 









In reply to advertisers 
please mention that you saw 
their advertisement in 


THE 
AMERICAN JOURNAL OF 


ROENTGENOLOGY 


published monthly for 
The American 

Roentgen Ray Society 

by 


CHARLES C THOMAS e PUBLISHER 
Springfield, Illinois 62717 


CHARLES C THOMAS + PUBLISHER 


eTHE PHYSICS OF RADIOLOGY è 


Third Edition, Fifth Printing 
By Harold Elford Johns and John Robert Cun- 
ningham, both of Univ. of Toronto, Toronto, Ontario, 
Canada. In the Third Edition, the emphasis has been 
shifted from 200 kv and caesium 137 radiation toward 
higher energy radiations. Numerous sections are devoted to 
computer techniques due to their ever-increasing applica- 
tion in calculations of dose distributions in radiotherapy. 
This text follows the complete formal set of definitions and 
symbols produced by the ICRU in describing radiation 
units used in radiation dosimetry. Also included are the 
concepts of kerma, particle fluence and energy fluence 


' which are illustrated with examples. To simplify the prac- 


tical calibration of therapy machines, the concept of the 
dose to a small sample of tissue is detailed. Other topics 
discussed are: the use of short-lived isotopes, modern tech- 
niques of TV radiology, radiation damage, repair processes 
in cells and fractionation, and the solid state dosimeter 
lithium fluoride. 

Clinical Radiology concluded, . this excellent book 
again represents an outstanding contribution to the litera- 
ture of radiation physics. Physicists engaged in this field 
will find it to be a superbly clear exposition of their sub- 
ject... well written and produced and as pleasurable to 
read as a first class text should be.” ’78, 816 pp. (6 1/8 x 9 
1/4), 398 il., 92 tables, $26.75 
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Orders with remittance sent, on approval, postpaid 


301-327 EAST LAWRENCE 
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Significant 
Continuing Medical Education 
Programs 


for the Radiologist 


on Audio Cassette! 


Program 1: 
“Nuclear Medicine!” 
. with James L. Quinn, 3rd, M.D. 


and George P. Backer, M.D. 
5, one-hour Audio Cassettes 


ONLY $35.00! 


Program 2: 
“New Developments in 
Nuclear Medicine!” 

...a supplement to the above program. 
With James L. Quinn, 3rd, M.D. 
and George P. Backer, M.D. 

4, one-hour Audio Cassettes 





ONLY $28.00! 
Program 3: Program 5: 
“Gastrointestinal Radiology!” “Computers in Medicine!” 
- with Roscoe E. Miller, M.D. ... with Laurens Ackerman, M.D., Ph.D. 
and George P. Backer, M.D. and Daniel K. Harris. 
6, one-hour Audio Cassettes 6, one-hour Audio Cassettes 
ONLY $42.00! ONLY $42.00! 


Program 4: 
“Neuroradiology!” 
.. with Michael S. Huckman, M.D. 


and George P. Backer, M.D. 
6, one-hour Audio Cassettes 


ONLY $42.00! 


the institute of continuing education 
Sawyer, Michigan 49125 - Phone: 616-426-3433 


Please bill me for the followirg program(s) when shipped: 


10 per cent discount | 1 2 3 4 5 
on all orders | 
over $100.00! | 10 per cent discount on order: over $100.00 
| 
| 
| 


All orders shipped same day received, postpaid 
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a significant 
advance N 
postevacuation 
Ccholecystograpny 
Kinevac 

Sincalide for Injection 


m a convenient alternative to the fatty meal 
m optimal gallbladder contraction in 5 to 15 minutes 
m complete physician control 


enolecystogram exposed before Cholecystogram exposed 10 minutes after 
injection of Kinevac (Sincalide for Injection). Finiection of Kinevac (Sincalide for Injection). 











Rapid, predictable gallbladder contraction 


In cholecystography, Kinevac produces diagnostically 
satisfactory gallbladder contraction in 5 to 15 minutes. 


A convenience to physician and patient 


Provides the physician with an alternative to the fatty meal 
or fatty meal substitute when such a choice is desirable, 
gives greater control, permits a barium meal examination 
immediately following cholecystography, and results in an 
economy of time and personnel. 


Valuable adjunct in diagnosis of diseases 


Kinevac provides a sample of gallbladder bile that may be 
aspirated from the duodenum for analysis. In conjunction 
with secretin, it stimulates pancreatic secretion for analysis 
of its composition and examination of its cytology. 


A significant scientific achievement 


Sincalide, the C-terminal octapeptide of cholecystokinin 
synthesized in The Squibb Institute for Medical Research, 
reproduces all the known biological activity of the intact 
cholecystokinin molecule. 





iKinevac: 


Sincalide for Injection 
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KINEVAC (Sincalide for Injection) 


DESCRIPTION: Kinevac (Sincal de for 
Injection) is a sterile, lyophilized, white 
powder of the synthetic C-terminal 
octapeptide of cholecystokinin. Each vial 
provides 5 mcg. sincalide with 45 mg. 
sodium chloride as a Carrier; sodium 
hydroxide or hydrochloric acid may be 
added during manufacture to adjust the 
DH to 5.5 to 6.5. When reconstituted with 
5 ml. of Sterile Water for Injection 
U.S.P.,each ml. contains 1 mcg. sincalide 
and 9 mg. sodium chloride. 


CONTRAINDICATIONS: Contra ndicated 
in patients sensitive to sincalide 


WARNINGS: Usage in Pregnancy— 
Although no teratogenic or anti-ertility 
effects were seen in animal stucies, data 
are inadequate to determine the safety 

of sincalide in human pregnancy. 
Accordingly, sincalide should ba used 

in pregnant women only when, in the 
judgment of the physician, the benefits 
outweigh the possible risk to the fetus. 


Usage in Children—The safety of 
sincalide for use in children has not 
been established. 


PRECAUTIONS: The possibility exists 
that stimulation of gallbladcer contraction 
in patients with small gallbladder stones 
could lead to the evacuation of the 
stones from the gallbladder, resulting in 
their lodging in the cystic duct or in 
the common bile duct. The risk of such 
an event is considered to be minimal 
because sincalide, when given as 
directed, does not ordinarily cause 
complete contraction of the gal bladder. 


ADVERSE REACTIONS: G.I. symptoms 
such as abdominal discomfort or pain, 
and an urge to defecate, frequently 
accompany the injection of sincalide. 
These phenomena are usually 
manifestations of the physiologic action 
of the drug, which include delayed 
gastric emptying and increasec intestinal 
motility, and are not tu be construed as 
necessarily indicating an abnormality 
of the biliary tract unless there is other 
clinical or radiologic evidence of 
disease. Nausea, dizziness, and flushing 
occur occasionally. 

For full prescribing information, 
consult package insert. 


HOW SUPPLIED: Kinevac (Sincalide for 
Injection) is supplied in cartons of 10 vials, 
each vial containing 5 mcg. of sincalide. 
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IT TAKES THE RIGHT PEOPLE. 


Kodak has nearly 
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acentury of expertise with radiographic 


imaging products. Your Kodak Technical Sales Representative 
is your access to everything we know. 


The experts shown above represent the Kodak skills 
that are available'to help you in your pursuit of profes- 
sional excellence. 
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various emulsions, chemicals, and films to the quality con- 


trol technicians whose word is law when it comes time to 
release a product to you 

There are instructors from our comprehensive train- 
ing seminars. There are scientists who spend the years 
looking for new ways to capture energy in the hope of pro- 
viding you a more useful image. There are businessmen 
and women who understand that your profession is also a 
business and must be operated efficiently 


Your Kodak TSR can call on any of these experts as 
you work together to solve your problems 

Kodak effers you the broadest line of films for ycur 
diagnostic imaging—that is one expression of our commit 
ment to your pro*ession. But we do not consider our job 
done until yeu held in your hand the quality image yeu 
need. That's why'we back our films with so many pecple. 
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Nine good reasons to turn to Mosby: 


A New Book! COMPUTED 
TOMOGRAPHY OF ABDOMINAL 
ABNORMALITIES. By John Haaga, M.D. 
and Norbert E. Reich, D.O.; with 4 
contributors. This new book describes 
indications for computed tomography of 
the abdomen, methods of examination, 
and a variety of pathologic 
abnormalities, and emphasizes proper 
methods of interpretation. The authors 
present their experiences with the most 
recent CT imaging equipment and base 
their findings on optimal examination 
and careful review of each case. 
February, 1978. 442 pp., 516 illus. 
Price, $44.50. 


New 2nd Edition! CLINICAL 
PEDIATRIC ONCOLOGY. Edited by 
Wataru W. Sutow, M.D.; Teresa J. Vietti, 
M.D.; and Donald J. Fernbach, M.D.; with 
45 contributors. This new 2nd edition, 
thoroughly revised and updated, offers 
you the most comprehensive 
information available on childhood 
cancer. Throughout, discussions reflect 
current advances and feature a new 
emphasis on rehabilitation. Five new 
chapters explore recent breakthroughs 
in: immunology and immunotherapy; 
nuclear imaging; rehabilitation; newer 
diagnostic techniques in pediatric 
oncologic radiology; and genetic 
considerations in childhood cancer. 
November, 1977. 766 pp., 350 illus. 
Price, $46.50 


New 5th Edition! BONE TUMORS. By 
Louis Lichtenstein, M.D. The updated 5th 
edition of this successful reference again 
examines the pathology of bone tumors 
from a clinical viewpoint and 
emphasizes accurate diagnosis for 
correct treatment. Dr. Lichtenstein adds 
discussions on whole-body skeletal 
scintiphotography; Kaposi’s sarcoma 
and malignant fibrous histiocytoma; 
and now describes formidable 
periosteal osteogenic sarcoma as one 
concept in tumors of periosteal origin. 
November, 1977. 466 pp., 525 illus. 
Price, $36.00. 


A New Book! CLINICAL 
ECHOCARDIOGRAPHY. By Navin C. 
Nanda, M.D.; and Raymond Gramiak, 
M.D. Turn to this practical guide for 
current, comprehensive information on 
echocardiographic techniques. The 
authors review basic details of the 
pertinent physics, equipment, and 
recording methods — including 
applicable anatomy, 
electrocardiography, and 
phonocardiography — and thoroughly 
describe echo examination techniques 
and skills. July, 1978. 468 pp., 666 
illus. Price, $37.50. 


A New Book! THE MEDIASTINUM: 
Radiologic Correlations with Anatomy 
and Pathology. By E. Robert Heitzman, 
M.D. This new book provides a 
foundation for a more analytic and 
deductive approach to radiological 
evaluation of the mediastinum. It 
emphasizes that such an evaluation 
depends on a thorough understanding 
of basic principles of anatomy and 
physiology. The author offers a new 
anatomical classification of the 
mediastinum; provides a new 
radiological classification of the lymph 
nodes of the mediastinum; and stresses 
the value of computed tomography in 
the study of this area. November, 1977. 
356 pp., 595 illus. Price, $39.50. 


A New Book! ATLAS OF 


CARDIOVASCULAR NUCLEAR MEDICINE: 


Selected Case Studies. Edited by H. 


William Strauss, M.D.; Bertram Pitt, M.D.; 


Jacques Rouleau, M.D.; lan K. Bailey, 
M.B., B.S. (F.R.A.C.P.); and Henry N. 
Wagner, M.D.; with the assistance of 
Wendy A. North, B.A., M.1.R., N.M.T. 
Using selected case studies, this 
superbly illustrated new atlas 
thoroughly describes normal and 
abnormal images commonly seen in 
cardiovascular diseases. Discussions 
suggest practical “check lists” to assure 
correct interpretations of gated blood 
pool scans, myocardial perfusion 
images —and include helpful follow-up 
studies. December, 1977. 208 pp., 665 
illus. Price, $42.50. 
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A New Book! COLOR ATLAS OF 
SECTIONAL ANATOMY: CHEST, 
ABDOMEN, AND PELVIS. By E. A. Lyons, 
M.D. This impressive atlas promises to 
become one of the most valuable 
clinical tools in your field. Offering an 
excellent standard for normals, it 
features a complete set of sections 
(sagittal, transverse, and coronal) 1 cm. 
thick—all in full color plates —of the 
chest, abdomen, and pelvis. It also 
offers oblique views of the heart. To aid 
you in interpretation, each plate is 
accompanied by a labelled line 
diagram. October, 1978. Approx. 304 
pp., 283 illus. plus 60 unmounted 35 
mm transparencies. About $130.00. 


A New Book! SURGERY OF THE 
PANCREAS: A Text and Atlas. Edited by 
Avram M. Cooperman, M.D.; and Stanley 
O. Hoerr, M.D.; with 18 contributors. Rely 
on this superbly illustrated atlas to 
better understand pancreatic 
pathophysiology and the 
interrelationships of radiotherapy, 
chemotherapy, and surgical therapy in 
managing pancreatic diseases. 
Authorities from the Cleveland Clinic 
emphasize proper assessment of 
pancreatic disease and selection of a 
preferred surgical approach. December, 
1977. 274 pp., 273 original illus. by 
Robert M. Reed. Price, $42.50. 4 


A New Book! INTENSIVE CARE 
RADIOLOGY: Imaging of the Critically 
Ill. Edited by Lawrence R. Goodman, M.D. 
and Charles E. Putnam, M.D.; with 10 
contributors. Adapt the latest diagnostic 
imaging procedures to the specialized 
needs of critically ill patients with the 
help of this new book. It emphasizes the 
team approach to critical care — with the 
radiologist as an integral part of the 
team. All support and monitoring 
devices are thoroughly detailed with 
regard to function, normal radiographic 
appearance, and potential 
complications. June, 1978. 353 pp., 353 
illus. including 219 in full color. Price, 
$34.50. 
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With great still life photography, a subject 
can be captured to reveal its every 
detail. But often, complete understanding 
of that subject depends on the ability to 
project backward and forward in time 
Still life to correctly perceive its entire 
function. And for these instances, 
images that demonstrate 
Ca ture motion are essential. 
In nuclear medical imaging, 
the same criteria often apply. That 
the form is why the static and dynamic 
e imaging capabilities of the 
Pho/Gamma’ V and the Pho/Gamma 
LFOV™ Scintillation Cameras with 
Real life new OPS/CON can significantly 
contribute to your nuclear medicine 
department. They are computer-controlled 
reveals imaging systems that are uniquely flexible 
and cost-effective for your needs today, 
as well as being totally 
the function. $s 
e your requirements for 
the future. 
For additional information about how 
Pho/Gamma V and Pho/Gamma LFOV 
with OPS/CON can help you make 
great images, contact Searle 
Radiographics. 
New OPS/CON 
Computer-controlled 
Imaging Station— 
with both static and 
dunamic capabilities, 
increases 
your flexibility 
in making 


GREAT IMAGES. 





SEARLE 


Searle Radiographics 

Division of Searle Diagnostics Inc. 
2000 Nuclear Drive 

Des Plaines, Illinois 60018 U.S.A. 








THE 
SOFT-STEERABLE 
CATHETER SYSTEM FOR 
NON-OPERATIVE REMOVAL 
OF RETAINED BILIARY STONES 
VIA THE BURHENNE TECHNIQUE’ 


CONCEPT 

Using the Burhenne technique and the MEDI-TECH steerable catheter, a 
significant number of non-operative removals of retained biliary stones have been 
achieved with consistent success. * 

The safe, simple procedure, developed by Dr. H. Joachim Burhenne, is 
performed as a follow-up to cholecystectomy, after it has been determined, by a 
postoperative cholangiogram, that there are retained stones. The procedure is 
performed, at least four weeks after surgery, by removing the T-tube and advancing 
the MEDI-TECH Soft Steerable Catheter through the remaining T-tube tract. 

Unique maneuverability of the soft-steerable catheter tip permits the physician 
to dislodge, manipulate and reposition the stone(s). Contrast media is injected 
through the Luer-Lock and the Open Lumen of the MEDI-TECH catheter to 
enhance visualization. Then, with the stone in desired position, a wire basket or 
snare is passed through the Tuohy-Borst fitting and the open lumen to the site. 
When the stone is secured, the entire assembly is withdrawn. Although the soft-tip 
provides sufficient torque for this procedure, patient discomfort is minimal and 
no anesthesia or pre-medication is used. 
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AN X-RAY CINE FILM of the Burhenne procedure is avail- 
able. Please contact MEDI-TECH to arrange a viewing of 
the film and to obtain copies of reference articles plus 
complete information on the MEDI-TECH/ BURHENNE 
Biliary Catheter System. 


THE COMPLETE BILIARY CATHETER SYSTEM includes the - 
MEDI-TECH Remote Control Handle, Special Biliary 
Catheters and Wire Stone Removal Baskets. 


ALSO 


the same MEDI-TECH Control Handle is used with a variety 
of other catheters and special accessories to perform a 
broad range of vascular, bronchial, GI and other procedures 
described in MEDI-TECH literature. 
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Abstract. A description of the purpose, methods, results and conclusions of the study is required. 
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Discussion. Interpret the results to lend meaning and importance to the observations. If hypotheses and speculation are 
included, they must be labeled as such. When results differ from those of previous investigators, an attempt should be made to 
explain the discrepancy. 

References. Only include references which provide adequate background and present fairly any opposing evidence and 
concepts. Accuracy of reference data is the responsibility of the author. 

Legends. Legends should be brief but should provide sufficient description to interpret the figure. 


Special Communications 


Case Reports. Concise case reports are accepted if they present unusual experiences that are medically important and 
educational. Clarity and brevity are essential. After preliminary screening by an editor to determine whether the requirement of 
medical significance has been met, qualifying papers will undergo the same peer review as major papers. 

Technical notes. Brief descriptions of new techniques or significant modifications of older ones which are directly applicable to 
Clinical practice will be accepted. 
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Progress in Radiology: 


Historical Review of the Changing Concepts of Lower Esophageal 
Anatomy: 430 B.C.-1977 


GERALD W. FRIEDLAND! 


Some of the classic studies on the anatomy of the lower 
esophagus are reviewed. In every case, the original sources 
have been consulted. The basis for a proposed anatomic 
description of the lower esophagus is established on the basis 
of the most modern research. The genesis of ideas on the 
anatomic nature of the cardia, phrenoesophageal membrane, 
esophageal pouches, esophageal sphincters, esophageal 
rings, gastroesophageal angle, flap valve, and cardiac notch 
is traced. 


Introduction 


In the history of medicine, a number of different con- 
cepts regarding the anatomy of the lower esophagus 
have arisen. Each concept enjoyed its own status and 
authority fora time, but as new concepts arose the sheer 
number of such descriptions gradually began to compli- 
cate an already complicated area. The problem has been 
made more difficult for modern researchers by the fact 
that many of the seminal articles were written in difficult 
old German, French, Greek, or Latin, which made them 
particularly inaccessible. The result was that many re- 
searchers resorted to English translations of classic 
articles, assuming them to be accurate in essential 
detail; but the history of the description of the anatomy 
of the lower esophagus illustrates that such assumptions 
were unfounded. Excessive reliance on such translations 
has lead to the recurrence of old mistakes, especially 
when one or another anatomic description is preferred, 
so that the entire field has been beset by a disturbing 
lack of focus. 

The history of such descriptions is an interesting story, 
dating back to the dawn of modern medical history. It 
involves some of the greatest names in medicine, from 
Hippocrates and Galen to Haller, Magendie, and 
Luschka. It is difficult to tell at this time who first 
described some anatomic features of the esophagus. 
Many of the early authors in particular referred to the 
anatomy of the esophagus in such a way that we can 
only suspect that their knowledge was in some way 
common knowledge at the time, so that the names of 
some of the truly original pioneers in this field must be 
forever lost to history. 

Though the work of subsequent investigators is 
equally fascinating, it cannot be described here in the 
detail it deserves; the emphasis will be on those authors 
most important for the radiologist. The discussion that 
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follows is based on a fresh examination of tne original 
sources anc documents, and the often incredible 
changes that have accompanied their historical evolu- 
tion. This is in itself of crucial importance to the radiolo- 
gist. Even now, so many different terms are used to 
describe the same anatomic detail, that radiologists at 
one institution may not even be able to comprehend 
reports:sent from another. There is no accepted common 
usage even in English, which means that the interna- 
tional situation is even more chaotic. The discussion of 
the nistcrical development of anatomic descriptions of 
the esaphagus is followed by a proposed synthesis of 
available terminology. Although it would be presump- 
tuous of me to expect that this synthesis will immediately 
gain wide acceptance, the necessity for something like a 
synthetic terminology is clearly demonstrated by the 
tortuous history which terms have enjoyed and the ex- 
treme variety of such terms now in use. 


Cardia 


The first recorded use of the term cardia is in Hippo- 
crates [1|; that the term was in general usage in the fifth 
century B.C. is shown by its occurrence also in Thucyd- 
ides [2] to refer to the cardiac end of the stomach. In 
English | terature, it dates from at least 1730 [3], when it 
was usec to designate the point at which the esophagus 
enters the stomach or where the esophagus becomes 
stomach. Since then it has been widely used with pre- 
cisely ths meaning [4]; although more recently it has 
also been used to designate the lower esophageal 
sphincter or high pressure zone [5-8]. 

Even though the cardia is now synonymous with the 
esophagogasrric junction, its precise location has always 
been in some doubt. Early anatomists made the decision 
on the precise location of the cardia on the basis of the 
rough observed shape of the organs themselves; that is, 
the cardia occurred where the tube of the esophagus 
became the sac of the stomach. After 1674, many anato- 
mists began using the upper margin of the sling fibers of 
the stomach first described by Willis [9]), or the notch 
they cause between the left lateral aspect of the lower 
end of the esophagus and the fundus of the stomach, to 
mark the site of the cardia [10, 11]. At the end of the last 
century, the cardia was felt to lie, because of the new 
popularity of esophagoscopy, at the junction of the 
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Squamous and columnar epithelium. However, this judg- 
ment was inaccurate, as many more recent studies have 
shown [7, 11-18]. Beginning about 1900, some anato- 
mists [19, 20] argued that the transverse mucosal fold, 
formed when the lower end of the esophagus and the 
stomach are distended, marked the true site of the 
Cardia; but it has only been since 1938 [21] that radiolo- 
gists have argued for the importance of the notch or ring 
formed by this fold as the true site [22]. As we will 
subsequently demonstrate, the two most important fea- 
tures for locating the cardia—still a source of contro- 
versy among radiologists, surgeons, gastroenterolo- 
gists, anatomists, and pathologists—are the rings 
caused by the transverse mucosal fold and the notch 
Caused by the upper margin of the sling fibers of the 
stomach. Since each of the terms we have used for 
aspects of the anatomy surrounding the cardia also has 
an independent and sometimes contradictory history of 
its own, a discussion of their individual histories follows. 


Phrenoesophageal Membrane 


The phrenoesophageal membrane attaches the esoph- 
agus to the diaphragm. It was originally described by 
Galen in the year 200 [23]. Since then a lively discussion 
transpired about (1) its existence; (2) whether it consists 
of one limb arising from the under surface of the dia- 
phragm and extending through the hiatus [20, 24, 25] or 
two limbs, one extending through the hiatus and the 
other downward [7, 11, 26-32]; and (3) whether there 
was any muscle present. The membrane was also de- 
scribed by Treitz in 1853 [33], who called it the diaphrag- 
maticoesophageal elastic membrane. Nearly all those 
writing on the subject who had done extensive dissec- 
tions [7, 11, 25-29, 31-36] came to agree with Laimer 
[30], whose work was published in 1883; nearly all called 
it Laimer's phrenoesophageal fascia, Laimer’s mem- 
brane or the Treitz-Laimer membrane. Laimer decided 
that two limbs were present. In 1895, Jonnesco [25] 
called the membrane the phrenicoesophageal dia- 
phragm. Around the turn of the century Favera [28] 
discovered that the two limbs described by Laimer, 
which are continuous around the circumference of the 
esophagus, form a fascial tube, which Favera called the 
phrenoesophageal fascial tube; this allows the esopha- 
gus some mobility, allowing it to slide like a tendon ina 
tendon sheath. It was gradually recognized that the 
membrane prevented the formation of a hiatal hernia; 
the British surgeon Allison was one of the most promi- 
nent who emphasized this aspect of the phrenoesopha- 
geal membrane, so that it came to be known also as 
Allison’s membrane [21]. 

The entire matter was eventually sorted out by Eliška 
[13], who in 1973 recognized four types of phrenoesoph- 
ageal membrane, depending on the age of the person 
(figs. 1A-1D): the fetal type, the juvenile type, the old age 
type, and the transitional type. In the fetal type, the 
hiatus is narrowed and its margins are thick. There are 
actually two phrenoesophageal membranes which are 
very elastic. The upper membrane arises from the fascia 


covering the upper surface (the thoracic surface) of the 
diaphragm, and the lower arises from the fascia covering 
the lower surface (abdominal surface) of the diaphragm. 
Both membranes are attached to each other over the 
margin of the hiatus, and are also attached to the 
adventitia of the esophagus. This means that the esoph- 
agus is practically welded to the hiatus. 

The juvenile type is seen in infants, children, and 
young adults up to the age of 20-30 years. The hiatus is 
still narrow and the margins are still thick, but the upper 
membrane has thinned. The margin of the hiatus is no 
longer attached to the esophagus in all cases; the esoph- 
agus is thus in some cases attached to the diaphragm 
only by means of the membrane. The lower membrane 
(still very elastic) develops two limbs, one of which 
passes through the hiatus and is attached to the esoph- 
agus in the thorax; the other swings downward and is 
attached to the esophagus in the abdomen. These two 
limbs are separated from the esophagus by loose areolar 
tissue, and are attached to the adventitia of the esopha- 
gus by multiple slips. In older members of this group, 
more and more areolar tissue develops between the 
membrane and the esophagus, so that less of the mem- 
brane is attached to the esophagus. The esophageal 
attachment of the membrane also may become infiltrated 
with islands of areolar tissue and fat. The net effect of 
these changes is to allow the esophagus to slide up and 
down, slightly, within the membrane. 

The old age type of phrenoesophageal membrane 
occurs after the age of 50 years. The width of the hiatus 
is still normal, but the upper phrenoesophageal mem- 
brane atrophies. The amount of elastic tissue in the 
lower phrenoesophageal membrane progressively de- 
creases with age. The upper and lower attachments of 
the lower phrenoesophageal membrane migrate in op- 
posite directions, the upper moving 1-2 cm cranially and 
the lower, 1-2 cm caudally. As a result the lower attach- 
ment involves not only the esophagus, but the upper part 
of the stomach as well. The lower phrenoesophageal 
membrane is attached to the esophagus only at the two 
extremes, since the space between the membrane and 
the esophagus is by now largely composed of loose 
areolar tissue. The esophagus has much greater mobility 
than ever before. In addition, fat has begun to collect 
between the peritoneum and the phrenoesophageal 
membrane. 

In the transitional type, so much fat has accumulated 
between the peritoneum and the membrane that the 
lower limb of the lower phrenoesophageal membrane is 
forced through the hiatus next to the upper limb, so that 
there is in effect only one limb. The resulting single limb 
is somewhat longer than before, so that mobility is 
greater still. It now contains muscle. In this variety, the 
hiatus is still normal. 

Eliška [13] suggests that when a hiatal hernia is pres- 
ent (fig. 1E), it is a continuation of the transitional type 
of phrenoesophageal membrane. The entire membrane, 
in the presence of a hiatal hernia, becomes thinner and 
is composed entirely of connective tissue. Since there is 
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Fig. 1.—A-D, Four types of phrenoesophageal membrane. A, Fetal 
type. Two phrenoesophageal membranes exist: upper (s) and lower (b) 
phrenoesophageal membranes unite over margin of thick hiatus (e) to 
form thick membrane (a) which effectively welds hiatal margin to esoph- 
agus, and which also fuses with esophageal adventitia (h). B, Juvenile 
type. Lower phrenoesophageal membrane (b) forms two limbs, upper (d) 
and lower (c). Two limbs have separated from esophagus, forming space 
(r) filled with loose areolar tissue. C, Old age type. Lower phrenoesopha- 
geal membrane (b) is attached to the esophagus only at ends of upper (d) 
and lower (c) limbs. Larger space (r) between membrane and esophagus 
is filled with loose areolar tissue. This arrangement allows esophagus to 
slide up and down within hiatus, much more readily than in earlier types. 
Fat (f) has begun to accumulate between the peritoneum (p) and phren- 
oesophageal membrane. D, Transitional type. Enough fat (f) has accu- 
mulated between peritoneum and membrane that lower limb (c) is forced 
through hiatus to immediate vicinity of upper limb (d). In effect, only one 
limb, longer than before, now exists, enabling esophagus to slide up and 
down even more readily. E, Anatomy of phrenoesophageal membrane in 
presence of hiatal hernia. Entire membrane (b) is thinner and is now 
composed entirely of connective tissue. Some of muscle of both muscle 
layers of esophageal wall (m) is drawn out into phrenoesophageal 
membrane. (Reprinted with permission from [13].) 


no more elastic tissue, it can no longer retract into the 
abdomen. The connective tissue of the phrenoesopha- 
geal membrane is so well anchored to the wall of the 
esophagus, that it spreads through both muscle layers 
all the way into the submucosa. Some of the muscle of 
both muscle layers is in fact drawn out of the wall into 
the phrenoesophageal membrane. Eventually the phren- 
oesophageal membrane disappears, and is replaced by 
fat. 

The importance of Eli$ka’s study is that it reveals why 
the presence of a hiatal hernia in children or young 
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adults is abnormal. Other corroborating studies have 
shown that a small hiatal hernia in children and young 
adults, ts, in fact, dangerous [37, 38]. Corroborating 
studies in adults have shown that this membrane allows 
about 1 cm of the stomach to protrude into the tharax at 
the end of a swallow, but because the membrane is 
elastic, the stomach is pulled back, after swallcwing, 
into the abdomen [39-41]. 


Shape of Lower End of Esophagus 


By the micdle of the nineteenth century, it was widely 
known that the upper and middle esophagus remained 
tubular wher the esophagus was distended, whereas the 
lower emd was usually more distensible and formed a 
pouch on distention. Arnold [42] described three cases 
in whom the pouch (which he called the cardiac antrum) 
was at the transition of the esophagus and stomach (fig. 
2A). One cas2 involved a patient from a mental! institution 
who ruminated like a cow; in another case the constric- 
tion between the cardiac antrum and the stomach lay 
above the hatus. If we interpret Arnold's description 
according to our modern knowledge, it seems like y that 
two of the three cases he described had a hiatal hernia. 

The most famous anatomist of the time, Luschka [43], 
has since been widely misquoted to the effect that there 
are normally not one but two pouches, the fore-stcmach 
and the carciac antrum. What Luschka actually wrote 
was that in most people there is a single pouch, the 
cardiac antrum (fig. 2B), which he maintained was lo- 
cated between the diaphragm and the stomacn. Luschka 
described a few rare instances in which he found, on 
anatomical d ssection, a single pouch entirely above the 
diaphragm, separated from the esophagus by a single 
groove and from the stomach by another groove (fig. 
2C). He called this pouch the fore-stomach. It is clear 
from Luschka’s discussion of these cases that what he 
called the fore-stomach was in reality a pouch located 
above a hiatal hernia. The term cardiac antrum ^ad a 
long life. but was since replaced with a variety of terms 
to describe tne same anatomic feature: epicardia [44], 
the terminal funnel, vestibule [26], prestomacn [45], and 
cardia [6, 7, 46]. Vestibule is currently the most widely 
used [47, 48]. 

The term phrenic ampulla dates from 1905 when two 
groups, one in Edinburgh [49] and one in Breslau [50], 
both began using it. Literature from the time indicates 
that these two groups were in touch with one another, 
and evolved the term in conjunction. In the following 
year the term was defined by the famous Edinburgh 
anatomist Cunningham [51], as “A fusiform expans.on of 
the tube, of varying length and girth, which lies in the 
thorax, immediately above the point where the gullet is 
grasped between the two muscular margins of the oe- 
sophageal opening of the diaphragm.” Cunningham 
used this term in early editions of his famous Textbook 
of Anatomy, Dut he eliminated it from later editions. It 
gradually became clear that what was called a phrenic 
ampulla was also an esophageal pouch located above a 
hiatal hernia. Both the famous illustration of the phrenic 
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Fig. 2.—A, Anatomy of distal esophagus and stomach in regurgitating 
person. 1 = esophagus, 2 = cardiac antrum, 3 = cardia, 4 = pyloric 
antrum, 5 = pylorus. B, 54-year-old man. Cardiac antrum (a) situated 
directly below esophageal hiatus of diaphragm and clearly separated 
from esophagus by deep annular constriction (b) and from stomach by 
second annular constriction (c). C, Stomach of married woman. At lower 
end of esophagus, there is markedly dilated fore-stomach (a), situated 
above diaphragm, separated from very short cardia by deep constriction 
(b), made by edge of esophageal hiatus. (A reprinted with permission 
from [42]; B andC reprinted with permission from [43].) 


ampulla (fig. 3) by Waterston [49] and the illustration of 
the fore-stomach (fig. 2C) by Luschka [43] were taken 
from cadavers who had ruminated. It is clear now that 
what Arnold, Luschka, and Waterston called rumination 
was in fact reflux due to a hiatal hernia [52]. Unfortu- 
nately, the term phrenic ampulla was adopted by radiol- 
ogists to describe a pouch seen at fluoroscopy, and thus 
the term has entered the radiologic vocabulary. The 
situation became even more complicated when many 
different terms were invented to describe the same 
phenomenon: esophageal bulb [12], epicardia [53], epi- 
phrenic bell of Anders [54], bronchodiaphragmatic spin- 
dle [44], cardiac antrum [55], and esophageal ampulla 
[56]. 


Position of Lower End of Esophagus 


There has been a great difference of opinion about 
whether the esophagus descends into the abdomen: that 
the abdominal esophagus does exist [51, 57-61], that the 
abdominal esophagus does not exist [24, 62, 63], or that 
it does exist but that its length may change radically [47, 
64, 65]. Those authors who have measured that length of 
the abdominal esophagus claim that its length may vary 
from as little as 1.4 cm to as much as 3.3 cm [57-59]. 
Adherents to this theory have given various names to the 
portion of the esophagus lying in the abdomen: abdomi- 
nal esophagus, abdominal gullet [57], cardiac antrum 
(51, 60], and submerged segment [61]. The theory that 
the abdominal esophagus does not exist dates back to 
1905 [63]. More recently, Allison [24] wrote, “There is 
really no such thing as an abdominal oesophagus, unless 
it be a small triangular area on its anterior aspect.” The 
theory that the abdominal esophagus may vary in length 
dates back to 1924 [65]. In that year it was found that 
when the esophagus and stomach were distended in a 
cadaver, the abdominal esophagus disappeared as the 
distended lower esophagus ascended into the thorax. 
Later it was observed radiologically, by marking the 
hiatus, the esophagogastric junction, and other points 
higher up on the esophagus, that the abdominal esoph- 
agus did in fact exist (fig. 4), but that its length depended 
on respiration (it almost disappeared during deep inspi- 
ration) and swallowing [47, 64]. It was recognized that 
swallowing causes the esophagus to ascend and the 
abdominal esophagus to disappear. It was also shown 
that in the normal adult, the stomach temporarily rises 
about 1 cm into the thorax during esophageal peristalsis 
[39-41] and that when swallowing and breathing occurs, 
the size of the vestibule also changes [47, 64]; it becomes 
longer and wider on swallowing, and during deep inspi- 
ration it lengthens and stretches closed. 


Sphincters 


For some time, the question of whether an anatomical 
sphincter exists at the lower end of the esophagus has 
absorbed the interest of many investigators. Four opin- 
ions have been expressed (fig. 5). One is that no anatom- 
ical sphincter exists [5, 31, 59, 66, 67], but the literature 
asserting this premise has on occasion described ana- 
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Fig. 3.—First known photograph of phrenic am- 
pulla. It is important that radiologists understand im- 
plications of this photograph, because phrenic am- 
pulla is term radiologists most often use to describe 
appearance of distal end of esophagus, and because 
this illustration is source of term currently in use. 
Dissection photographed was performed from back of 
cadaver. Figure depicts most relevant portion of origi- 
nal photograph (relabelled for added clarity). Posterior 
aspect of esophagus (16), phrenic ampulla (17), and 
fundus of stomach (10). Patient suffered from rumina- 
tion. Since we do not know what phrenic ampulla is, 
use of this term should be discontinued, and term 
vestibule substituted for normal pouch at distal end of 
esophagus. (Reprinted from [49]) 


tomic features that sound suspiciously like sphincters. 
The second opinion asserts the presence of a localized 
ringlike sphincter at the junction of the tubular and 
saccular portions of the esophagus [20, 26, 30, 63, 68- 
74]. This has most often been called the inferior esopha- 
geal sphincter [26] or ring A [48]. The third opinion posits 
a localized sphincter, called the constrictor cardiae, at 
the esophagogastric junction [10, 15, 20, 26, 61, 67, 74- 
81]. This has frequently been further described as part of 
the sling fibers. Nearly all those who described the 
constrictor cardiae described the inferior esophageal 
sphincter as well [15, 74, 80]. The fourth theory argues 
for the presence of a longer sphincter, extending upward 
for several centimeters from the esophagogastric junc- 
tion [32, 82], called the cardiac sphincter, lower esopha- 
geal sphincter, or lower esophageal vestibular complex. 
When manometry became sophisticated [83], it was 
found that this area of the esophagus had a higher 
resting pressure than the esophagus above it or the 
stomach below it, so the area came to be known as the 
high pressure zone. 

The conflict was eventually resolved when specimens 





Fig. 4.—Esopnagrams (mucosal pattern Studies) demcnstrat ng ab- 
dominal esophagus. Six radiopaque tantulum rings were implanted at 
surgery. Three smaller rings are on hiatal margin; large lower ring was 
placed at netch between fundus of stomach and lower end of esophagus, 
and was therefore assumed to lie at esophagogastric junction. Remain- 
ing two large rings are at upper limit of vestibule and above vestibule, 
respectively. A, Quiet expiration. B, Quiet inspiration. C, Deep inspira- 
tion. D, Deep expiration. Even when closed, vestibule is slightly wider 
than tubular esophagus above, and it angulates to left. Distal portion of 
vestibule, between three smaller rings on hiatus and larger ring placed at 
esophagogastric junction, lies in abdomen and is best called abdominal 
esophagus. On deep inspiration (C), hiatus narrows and slides dewn on 
vestibule, so that much less of vestibule lies in abdomen: anguletion of 
vestibule amd tubular esophagus is also straightened. (Reprinted with 
permission from [64].) 


of the esophagus and stomach were filled with barium. 
radiographed, and subsequently dissected [15]. The ra- 
diographs of the specimens were also compared with 
radiographs of the esophagus taken on live patients. In 
all cases the presence of a constrictor cardiae and sling 
fibers was confirmed. The sling fibers (fig. 6) are a 
thickening of the inner muscle layer of the stomach, 
roughly U-shaped, with the arch on the left side of the 
esophagogastric junction, and the arms parallel to the 
lesser curve of the stomach, lying anteriorly and poste- 
riorly [84]. The first known illustration of sling fibers was 
shown in a textbook of medical therapeutics in 1674 [9]. 
They were subsequently described by Verheyen in 1699 
[85] and by Helvetius (physician to Louis XV) in 1719 [79] 
(fig. 7). Helvetius called them oblique fibers, and stated 
clearly that others had described them before him Hel- 
vetius's grandfather and father (both famous physicians) 
had spent time in Holland before the family moved to 
France [86]; this may have been the means by which 
Helvetius learned of Verheyen’s work. 

In 1764, Haller [87], the father of modern physiology, 
invented a term to describe the sling fibers of the 
stomach: cravate de suisse (Haller was Swiss). The 
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A. No Sphincter. B. Localized Sphincter 
at Tubulo-vestibular 
Junction 
C. Locolized Sphincter D. Long Sphincter 
at Cardia 


Fig. 5.— Four opinions concerning anatomy of esopha- 
geal sphincters. 


phrase was meant to suggest the similarity in appear- 
ance between the sling fibers and the sash (called a crav- 
ate) worn by a Swiss guard (called a suisse) armed with a 
halberd and a sword (fig. 8) who guarded a grand 
mansion or a church. The problem arose when transla- 
tions were made into English; the original allusion to the 
sash of a Swiss guard was lost, and hence terms such as 
Swiss tie, Swiss collar, and Swiss cravat came into use, 
deprived of the colorful terminology originally endowed 
by Haller. The term was later translated into German as 
Schweitzer cravatte, where the intent was to preserve 
Haller’s metaphor and allude to the sash of the Swiss 
guard. An alternate explanation, although less likely, for 
this entymologic oddity, is that the Helvetius family name 
was Schweitzer when they lived in Holland [86], and the 
term Schweitzer cravatte may have originated by associ- 
ation from the earlier name. 

His [89] redescribed the sling fibers in 1903 as did 
Cunningham [51] in 1906 and Lendrum [59] in 1937. 
Because so many had been involved in the discussion of 
sling fibers, a number of eponymous labels for the sling 
fibers came into use; which label was used seems to 
have depended on country of origin, personal loyalty, or 
other extraneous factors. Thus, sling fibers were var- 
iously called the sling fibers of Willis, the muscle of 
Verheyen, the collar of Helvetius, the bundles of His (not 
to be confused with the bundles of His in the heart), 
Cunningham's inverted U muscle, or Lendrum'’s inverted 
U fibers. Sling fibers were also discussed by the great 
Swedish radiologist Forssell [77] (fig. 9), but radiologists 
missed a great opportunity to call the sling fibers the 
muscles of Forssell. The upper limit of the sling fibers 
was widely regarded as the esophagogastric junction. 
Unfortunately, textbooks of radiology did not always 
recognize that there are not one but two sling fibers, the 
sling fibers of the stomach and the sling fibers of the 
diaphragm, so that some writers somehow made it seem 
that the esophagus emptied into the abdominal cavity. 


Since sling fibers are occasionally visible as a hooded 
cloak on an upper gastrointestinal series in the right an- 
terior oblique view with the patient prone, radiologists, 
never immune to fancy, named this appearance the sign 
of the burnous [90]. 

When no muscles are contracted, as may occur on 
radiographs of specimens obtained from a cadaver, the 
radiographic appearance of the esophagus is of a tube, 
connected to a sac at a point sometimes called the flare 
[91] or the tubulovestibular junction connected to the 
stomach (fig. 10A). In some specimens a short segment 
of muscle, at the junction of the tubular and saccular 
portions of the esophagus, may be contracted (fig. 10B). 
This area of contraction has been variously named con- 
striction caused by the hiatus [43], upper Arnold’s furrow 
[32], narrowing of Laimer, sphincterlike inferior esopha- 
geal constriction [63], inferior esophageal sphincter [26], 
constrictor cardiae [92], upper cardia [72], subampullary 
constriction of Hacker, tubulovestibular sphincter [48], 
and ring A [48]. Ring A is currently the most widely used. 
Wolf [93] claimed that the ring is only visualized on an 
esophagram when a hiatal hernia is present. Since the 
ring is only partially contracted, it cannot be detected on 
manometry. It has recently been found, at autopsy, that 
occasionally the entire vestibule is contracted (fig. 10C), 
forming a structure that is entirely consistent with what 
has been called the long sphincter, cardiac sphincter [5, 
6, 46], or lower esophageal vestibular complex [32], and 
which is now called the lower esophageal sphincter or 
high pressure zone. 

Radiologists now realize, of course, that this entire 
area is dynamic; the great profusion of labels for differ- 
ent appearances in the lower esophagus is due, in part, 
to the wide number of states it is capable of attaining. 
Thus we can see now that the different anatomic appear- 
ances which to radiologists seemed almost wholly un- 
connected to what they were seeing, were in fact real, 
though unfortunately the underlying dynamic factors 
leading to each condition were not understood. Each of 
the major hypotheses advanced to explain the anatomy 
of the lower esophageal sphincters was right in its own 
way, but not right enough. 


Mucosa 


Like other aspects of the anatomy of the lower esoph- 
agus, the mucosa itself has been the object of some 
controversy, particularly regarding the precise location 
of the mucosal junction. The squamous epithelium is 
pearly gray, whereas the columnar epithelium is rosy 
red, so that the junction can be seen easily without any 
sophisticated analysis. Once again there have been three 
major opinions about its precise location: in or near the 
vicinity of the esophagogastric junction [8, 20, 32, 60, 
65, 68, 70, 94, 95], in or near the point where the organ 
passes through the hiatus [57, 63, 96], or that it is 
variable [7, 11-18] and may actually migrate up and 
down the esophagus according to the degree of filling or 
phase of respiration, or spontaneously [14, 17, 18]. 
Everything we now know indicates that the last theory is 
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F 3. 6.—A and B, Posterior half of esophagus (mucosa and submucosa “emoved) showing muscular A ring and sling fibers. 
C ard D, Sling fibers of stomach. Specimen of esophagus and stomach was opened along greater curve. Esophagus was 
turn d inside out, and mucosa and submucosa were removed, so that innermost muscles of esophagus and stomach are 
shown. Specimen is unusually oriented because it is only way to photograph both limbs of sling fibers on either side of lesser 
curve. (A reprinted with permission from [15]; C and D reprinted with permission from [84].) 


probably carrect. The two epithelia form an irregular 
line, hence called the Z-line or the ora serrata. In an 
experiment designed to determine the precise location 
of the muqsal junction on radiographs, clips were 
attached on the mucosal junction at esophagoscopy in 
living patiercs and were subsequently observed at fluor- 
oscopy to move with swallowing, but also completely 
independen: of swallowing activity [18]. It is assumed 
that this spontaneous movement was due to the mu- 
cosa’s own musculature, the muscularis mucosae. Fors- 
sell [97] was the first to show that the muscularis mu- 
cosae coulc move independently of underlying layers. 


More recently, others have suggested that the muscu- 
laris msucosae is one of the important sphincters that 
keeps “he esophagogastric junction closed [11, 27]. 

It hes been recognized for some time that when the 
muscles of the esophagus or the vestibule are con- 
tractec, the mucosa forms longitudinal folds, but when 
the esophagus is distended, the mucosa becomes en- 
tirely smooth [65, 98]. When the esophagus is closed, 
these longitudinal folds form an interior mucosal plug, 
called the mucosal choke [99]. 

Ever more important is the appearance of the folds at 
the esophagogastric junction itself. When the vestibule 
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Fig. 7.—Helvetius’s sketch of sling fibers. Distal esophagus and whole 
of stomach have been turned inside out, and mucosa and submucosa 
have been removed, so that sketch depicts innermost muscle layers of 
esophagus and stomach. Specimen viewed from front; only anterior limb 
of sling fibers is visible, upper margin of which hooks around notch 
between lower end of esophagus and fundus of stomach. It is therefore 
obvious why anatomists have long regarded uppermost margin of sling 
fibers at this point as esophagogastric junction (arrow). Thick band of 
muscle hooking around notch between lower end of esophagus and 
lesser curve of stomach (arrowhead), before disappearing under anterior 
limb of sling fibers, is most commonly known as constrictor cardiae. 
Turning specimen inside out made it easier to dissect, and best illustrates 
its innermost muscle layers. It therefore became standard technique 
used by anatomists for centuries. Identical technique was used for 
dissection illustrated in fig. 6C, although that figure is viewed from side 
of lesser curve, rather than from front as here. (Reprinted from [79].) 


is contracted, these folds have the appearance of a small 
rose, with the orifice of the vestibule at the center of the 
rose. Magendie [100], one of the outstanding physiolo- 
gists of the 19th century, called these folds the mucosal 
rosette. He described a patient (of one Professor Hallé) 
who had a gastrocutaneous fistula located near the 
esophagogastric junction. Hallé was thus enabled to 
observe the closing of the esophagogastric junction at 
the end of swallowing, and to observe the mucosal 
rosette project out into the lumen. Later others described 
the same thing, either in live patients or at autopsy [11, 
14, 76]. In 1823, Lizars [94] vividly described the appear- 
ance of the mucosal rosette at autopsy: ‘When the 
stomach is empty, the mucous coat has the appearance 
of rugae or plicae which vary in size and run in an 
irregular, waving transverse direction; but, at the esoph- 
ageal aperture, they run longitudinally, blending with the 
folds of the oesophagus, with which they appear to be in 
continuation, and forming a stellated or radiated appear- 
ance.” This stellated or radiated appearance can now be 
well seen in an upper gastrointestinal series in the right 
anterior oblique position with the patient prone. 

When the esophagogastric junction is open, the ap- 
pearance of the mucosa is entirely different. At the turn 
of the century, Berry and Crawford [19] described a 
study in which in 50% of stomachs and esophagi they 
distended, there was a crescentic mucosal fold 2-5 mm 
deep at the orifice of the esophagus into the stomach. In 
1933 in a similar study, Hayek [20] found that the fold 
formed in only 33% of the cases, that it was longest on 
the lesser curve side of the orifice, and that it only 


Fig. 8.—Swiss guard, called 
suisse in French, wearing a 
sash, or in French a cravate. 
Similarity in appearance be- 
tween this sash and sling fibers 
was reason Haller called sling 
fibers cravate de suisse, trans- 
lated in various ways as Swiss 
cravat, Swiss tie, and Swiss col- 
lar. (Reprinted with permission 
from [88].) 





surrounded 75% of the orifice. Hayek considered this 
fold an especially important landmark; he believed that it 
marked the location of the esophagogastric junction. 
Although the labels to his illustrations (fig. 11) seem to 
indicate that the fold occurred at the mucosal junction, 
the bottom figure (fig. 11B) illustrates that the Z-line runs 
just above it. 

It was subsequently shown by Templeton [21] in 1938 
that this particular mucosal fold looks like a small ring or 
notches on an esophagram. In 1958, Wolf et al. [22], by 
injection of opaque contrast medium into the esophageal 
wall at the mucosal junction (which unfortunately spread 
rather too diffusely), demonstrated that the fold occurred 
at the mucosal junction on a cine esophagram, they 
called this fold the B ring. In 1960, Wolf [61] biopsied the 
fold in three patients, and found the mucosal junction 
on the fold in each case. Some have claimed [62, 101], in 
addition, that the fold is present only in patients with a 
hiatal hernia, due to the fact that the muscle is shortened 
and the inside mucosa therefore becomes redundant. 
Wolf et al. [22] also suspected, in 1958, that other muscle 
bundles might also play a role in forming this ring. 
Others were more adamant [74] and insisted that the ring 
was due to the constrictor cardiae. Still others advanced 
the theory that the ring was due to the pull of the 
phrenoesophageal membrane [32], but this theory 
turned out to be difficult to prove or disprove. Since 
then, however, anatomic studies have proved that the 
mucosal fold does form the ring and that the mucosal 
fold occurs at the upper level of the sling fibers of the 
stomach, and hence does, in fact, mark the location of 
the esophagogastric junction [15]. Since the mucosal 
junction forms a Z-line, part of the mucosal junction may 
lie above or on the mucosal fold. There are thus two 
indicators of the esophagogastric junction: the trans- 
verse mucosal fold and the sling fibers [15]. 
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“ig. 9.— Sketches of sling fibers done by Swedish radiologist Forssell. A, Sling fibers or Stutz Schlinge as viewed from 
aneerior aspect of esophagus and stomach. Appearances depicted are similar to those illustrated in fig. 7. B, Specimen of 
es#phagus and stomach opened along greater curve and viewed from outside. Right lateral aspect of distal esophagus and 
lesser curve of stomach therefore occupy center of illustration. Two limbs of sling fibers are shown on either side of lesser 


curve. (Reprinted with permission from [77].) 
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An entirdy different situation was described by 
Schatzki [12], in which rings were identified with a 
radiographic appearance similar to the B ring, but which 
formed openings so small that severe difficulty was 
experienced on swallowing, particularly solid or semi- 
solid foods. McMahon et al. [103] followed a patient for 
9 years, who subsequently died; at autopsy they were 
able to show that the junction of the squamous and 
columnar epithelium was located on the inferior aspect 
of this stenetic mucosal ring (fig. 12). This histologic 
finding has Deen subsequently often confirmed, when 
the stenotic ring has been biopsied or resected. How- 
ever, this Scnatzki ring is now recognized as an organic 
Stricture at the mucosal junction, due to reflux esopha- 
gitis (104, 195]. The ring has also been known as the 





Fig. 10.—Radiographs of speci- 
mens of distal esophagus and prox- 
imal stomach filled with barium. A, 
No muscles are contracted; vesti- 
bule is distended. B, Short segment 
of muscle is contracted at tubulo- 
vestibular junction, forming ring A. 
C, Entire vestibule is contracted. A 
is similar in appearance to fig. 5A; B 
is similar to fig. 58; C resembles fig. 
5D. All these appearances are due 
to varying functional states of 
esophagus. (Reprinted with permis- 
sion from [15].) 


lower esophageal web or the lower esophageal dia- 
phragm. 

It is clear that several types of rings can be recognized 
on an esophagram. These consist of ring A [48], a greatly 
thickened ring A [48] which may be obstructive, ring B, 
the stenotic Schatzki ring [102], a ring similar to the 
Schatzki ring but which can form anywhere in the esoph- 
agus. a muscular ring that occurs in a patient with an 
esophagus lined by columnar epithelium [16, 106], anda 
congenital ring. 

A certain percentage of normal adults can have a ring 
B that is visible above about 1 cm of stomach, so that a 
certain amount of temporary protrusion of the stomach 
into the thorax is normal. This protrusion is probably 
identical to what Wolf et al. [48, 107] called the cardiac 
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Fig. 11.—Specimens of esophagus and stomach illustrating 
transverse mucosal fold.A, Specimen of esophagus and stomach, 
distended with Formalin, then opened along lesser curve of 
stomach and incision extended to open esophagus. Transverse 
mucosal fold is most visible (arrowheads) on the lesser curve 
(kleine Kurvatur). B, Specimen of esophagus and stomach, with 
only stomach opened along greater curve. Ventral aspect on left, 
dorsal aspect on right, and fundus (fornix) at top of illustration. 
Transverse mucosal fold is visible at esophagogastric junction on 
lesser curve aspect toward dorsal side of stomach (/arge arrow- 
heads). Z line (small arrowheads) is visible just above transverse 
mucosal fold. Z line is best seen toward ventral aspect, because it 
is hidden along other aspects by transverse mucosal fold. (Re- 
printed with permission from [20].) 


canal or cardiac antrum. Combined manometric and 
cinematographic studies have shown that when a slight 
protrusion of stomach into the thorax occurs, there may 
or may not be a B ring present [40]. Sophisticated studies 
of adult cats (impossible to perform on humans) have 
confirmed that in that species some protrusion of the 
stomach into the chest at the end of swallowing is also 
normal [41]. 


Angle, Flap Valve, and Notch 


Discussion of the angle, flap valve, and notch is 
combined because the theories about them resemble 
one another; it is only the tissues that are somewhat 
different. For at least 170 years, an acute angle has been 
described between the lower end of the esophagus and 


the fundus of the stomach, which was thought to be at 
least one factor in the closing of the esophagogastric 
junction. As early as 1808, Barclay [4] described this 
angle as though it were widely recognized, and argued 
that it was essential to the act of vomiting, because the 
angle is opened when the diaphragm descends and 
hence vomiting becomes possible. 

Subsequent investigators asserted that the angle ora 
valve at the angle closed the esophagogastric junction 
[108-115]. One such investigator was Gubaroff [114], so 
the term Gubaroff’s valve or plica cardiaca was intro- 
duced. Later, Hurst and Rake [82] asserted that a flap 
valve closed the esophagogastric junction, so the term 
Hurst's flap valve was introduced. Later still, others also 
observed the flap valve at autopsy [27] or on an upper 
gastrointestinal series [90]. Evidence has accumulated in 
recent times, however, that the flap valve does not exist 
(20, 116]; no one in recent years has either seen or 
demonstrated the existence of such a valve. 

Related to the angle but slightly different is what came 
to be known in English literature as the notch, formed by 
the sling fibers [117]. The notch was said to mark the 
esophagogastric junction; in 1903 His [89] called it the 
incisura cardiaca. Soon thereafter, Cunningham [51] 
called the angle between the esophagus and the fundus 
of the stomach the angle of His. Berridge translated the 
Latin incisura cardiaca into English as the cardiac notch 
[118]. 

When experiments were repeated to confirm the im- 
portance of the angle in closing the esophagogastric 
junction, it was found that in fact the esophagogastric 
junction was closed, but for reasons unrelated to the 
angle itself. In addition, a large number of experiments 
showed that the angle is unimportant [32, 116]. Measure- 
ments were taken of the angle, and it was found that it 
varied between 70° and 110° [11]. Radiologists have also 
confirmed these findings [118, 119]. Radiologists com- 
monly observe the esophagogastric junction in the right 
anterior oblique view, but since the distal esophagus is 
foreshortened in this view and overlaps the stomach, a 
left anterior oblique view is necessary to show the distal 
end of the esophagus and the true angle [47]. 


Discussion 


It is incredible that there has been so much contro- 
versy over one small area of the gastrointestinal tract. | 
have touched on only the highlights of the controversy 
that historically has been longstanding and lively. It is 
evident that one reason for continued controversy has 
been an elementary failure in communication; some 
investigators operated in ignorance of what others were 
doing. It is also evident that part of the confusion 
resulted from a failure to examine the original sources. 
Incorrect or misleading translations or quotations, once 
begun, were not exorcised from the public record. Yet 
another problem has been the difficulty of examining 
this area of the anatomy; ethical considerations have 
rightly limited the number and type of studies that could 
be done in human subjects. 

However, it remains extreme!y important to investigate 


HISTORY OF LOWER ESOPHAGEAL ANATOMY 383 





Fig. 12.—A and B, Schatzki’'s esophagrams of 58-year-old man with 20 year history of intermittent dysphagia after swallowing meat. A, Ring A 
(arrowheads ) and Schatzki ring (arrows). B, Schatzki ring is outlined by barium and ar, and margins of hiatus compress herniated pouch of stomach. 
Lumen of Schatzki ring is 14 mm in diameter. Distal part of patient's stomach was removed 6 years later because of cancer of antrum; 2 years later, 
patient died. C, Radiograph of specimen of esophagus and stomach showing ring. D, Anatomic specimen showing gross appearance of Schatzki ring. 
E, Histologic appearance of Schatzki ring. Squamous epithelium covers superior surface of ring and extends over edge of ring so that it also covers 


about one-third of its inferior surface. (Reprinted with permission from [103].) 


this anatomy, because it is the source of the terms we 
routinely use, and the area we must examine to diagnose 
hiatal herniae as well. There are obvious limitations to 
working only with cadavers. Most patients are currently 
examined in a prone position over a bolster, taking deep 
breaths, but such a procedure is of course impossible in 
cadavers. Cadavers also vary widely in their suitability 
for studies of this region of the human anatomy. The 
most useful are those who have been dead a short while, 
preferably without having been in a hospital for any 
length of time, which usually means victims of automo- 
bile accidents or other acute catastrophies. In addition, 
the temperature at which the cadaver has been kept will 
greatly affect the quality of the result when it is exam- 
ined. Still another problem in dealing with cadavers is 


that it is inordinately easy for the examiner to introduce 
artifacts; if care is not taken, almost anything can be 
demonstrated to the satisfaction of the examiner but not, 
finally, to anyone else. But the greatest problem, exclu- 
sive of cadavers, is the occasional investigator who 
persists, every few years, in adding yet another label to 
what has been a veritable forest of terminology. 

Rather than add another label, | propose a synthetic 
terminology, with a version of the anatomy it describes 
(fig. 13). Although the description which follows largely 
agrees with that evolved by Wolf [48], a wicely recog- 
nized recent observer of the anatomy of the lower esoph- 
agus, it also disagrees in some respects with his descrip- 
tion. This is not meant as a slight on Wolf's justly famous 
work; rather, it represents an elaboration upon it, and is 
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Fig. 13.— Four possible configurations of esopnagus and stomach. A, Partially contracted vestibule in its normal location: partially in thorax, partially 
in hiatus, and partially in abdomen. Swallowing is not occurring. Phrenoesophageal membrane is old age type. B, Distended vestibule above hiatus 
with rings A and B visible. Stretched old age type phrenoesophageal membrane. In normal adult, distance between hiatus and ring B should not be 
more than about 1 cm when patient is lying prone over bolster and swallowing. After swallowing, appearance should be that illustrated in A. When this 
distance exceeds about 1 cm, hiatal hernia is present. C, Distended vestibule above hiatus, in which neither ring A nor ring B are visible. This 
appearance is seen in infants and children with hiatal hernia, but in normal adults as well, if the distance between hiatus and top of sling fibers does not 
exceed 1 cm. D, Hiatal hernia in child in whom partially contracted vestibule lies above herniated pouch of stomach, which in turn lies above hiatus. 
This type of phrenoesophageal membrane occurs when hiatal hernia is present. 


slightly more current than Wolf's work can now unfortu- 
nately be. 

Most of the esophagus is tubular, but there is a portion 
at the lower end which, when relaxed, can form a sac, 
probably most accurately described as the vestibule. The 
vestibule is itself a recent term [26]; it originally de- 
scribed a short entrance hall, and so is metaphorically 
appropriate. Although the term phrenic ampulla has also 
been used, | suggest that we now retire it, for the same 
reason Cunningham deleted it from his textbook: it 
probably describes a hiatal hernia (fig. 6). | suggest that 
future radiologic literature follow Cunningham's exam- 
ple. 


The point where the tubular portion of the esophagus 
joins the saccular portion can rightly be called the 
tubulovestibular junction. At this point ring A may form. 
The term inferior esophageal sphincter has also been 
used to describe ring A [26]; but since this term has also 
been used synonymously for the entire contracted vesti- 
bule or the high pressure zone, | suggest it also be 
retired. 

The upper limit of the sling fibers marks the location of 
the transverse mucosal fold, visualized on an esopha- 
gram as ring B. Evidence for this assertion is circumstan- 
tial but telling. Since the sling fibers lie in the notch 
between the vestibule and the fundus of the stomach, 
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their upper limit represents the cardia [10, 11, 15]. 
Appropriate traction applied at surgery can allow the 
surgeon to follow the sling fibers to this point; | have 
myself done so [84]. The sling fibers may form a notch 
on an esophagram [64], so that they can be identified 
under these circumstances as well. That the transverse 
mucosal fold forms at the upper limit of the sling fibers 
of the stomach is evident from anatomic specimens [15]. 
Radiographs of anatomic specimens and esophagrams 
show that the transverse mucosal fold forms at the upper 
limit of the sling fibers of the stomach [15, 64]. When the 
notch occasionally formed by the sling fibers is visible 
on an esophagram and the cardia is distended, the 
transverse mucosal fold begins to form at that point as 
ring B. This constitutes further circumstantial evidence 
that ring B represents the site of the cardia [64]. 

When a person is not swallowing and breathes nor- 
mally, the proximal end of the vestibule lies in the thorax, 
the middle portion passes from the thorax to the abdo- 
men through the esophageal hiatus in the diaphragm, 
and the distal portion lies in the abdomen [64] (fig. 4). 
This distal portion of the esophagus was called the 
submerged segment by Wolf [48]; but since the term is 
unfamiliar to most gastroenterologists and surgeons 
currently practicing, | would prefer to retain the older 
term abdominal esophagus, which has the additional 
virtue of being simpler and more descriptive. 

As Eli$ka’s work has shown [13], in infants and young 
children the peculiarly effective structure of the phreno- 
esophageal membrane prevents any portion of the stom- 
ach from protruding into the thorax. Radiologic and 
combined radiologic and manometric studies have 
shown that, as age increases, about 1 cm of stomach 
may protrude into the thorax upon swallowing [39-41]; 
but the great elasticity of the membrane [13] permits the 
stomach to retract again into the abdomen. The finding 
of a Bring 1 cm above the hiatus is therefore normal in 
such cases [39-41]. Although Wolf [48] recognized that 
in normal adult patients, the B ring may lie above the 
hiatus, he called that portion of the stomach protruding 
into the thorax beneath the B ring the cardiac antrum or 
Cardiac canal [48]. However, Arnold's original descrip- 
tion of these terms [42] (fig. 2) and subsequently 
Luschka’'s [43] (fig. 2) do not refer to this phenomenon; 
for this reason | prefer to delete the terms from the 
radiologic literature. It would be more accurate to call 
this occurrence simply a physiologic protrusion of the 
stomach above the hiatus. |n hiatal hernia, the phreno- 
esophageal membrane is stretched and contains no 
elastic tissue [13] (fig. 1), so the cardia can easily be 
displaced more than 1 cm above the hiatus. 

Although the B ring has often been identified with the 
Schatzki ring, the preceding discussion should have 
made it clear that they are not, in fact, the same. One 
radiologist has even gone so far as to call the entire 
vestibule in an infant the Schatzki ring [120]; surely this 
is evidence enough of the danger the multiplicity of such 
terms causes. In my opinion, the term Schatzki ring 
should be reserved for the pathologic stenotic ring or 
diaphragm that may form usually in the region of the B 


ring, in a small number of patients with reflux esophagi- 
tis. 
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Computed Tomographic Diagnosis of Obstructive Jaundice in the 
Absence of Intrahepatic Ductal Dilatation 


JON D. SHANSER,' MELVYN KOROBKIN, HENRY |. GOLDBERG, AND BARBARA M. ROHLFING 


Six patients with obstructive jaundice had computed tomog- 
raphy (CT) scans showing a dilated extrahepatic biliary tree in 
the absence of intrahepatic ductal dilatation. Dilated extrahe- 
patic bile ducts were most easily identified by means of 
intravenous injection of urographic contrast material, which 
permitted them to be seen as low density structures. Findings 
in these patients emphasize that (1) demonstration of dilated 
intrahepatic bile ducts is not a prerequisite for the CT diagno- 
sis of obstructive jaundice and (2) careful CT evaluation of the 
extrahepatic biliary tree is necessary to identify patients with 
isolated dilatation of the common hepatic or common bile 
duct. 


Computed tomography (CT) is being used increasingly 
in the evaluation of patients with jaundice. Early reports 
[1-11] suggested that the CT diagnosis of obstructive 
jaundice is dependent on demonstration of dilated intra- 
hepatic biliary ducts. They emphasized careful assess- 
ment of the liver for low density, branching structures 
within the hepatic parenchyma. 

We report a group of patients with obstructive jaundice 
whose CT scans showed dilatation of extrahepatic biliary 
ducts in the absence of intrahepatic ductal dilatation. 
The CT diagnosis of obstructive jaundice in the absence 
of intrahepatic ductal dilatation has been mentioned in a 
recent case report [6], but its significance and implica- 
tions have not been stressed. 


Subjects and Methods 


Six patients with jaundice underwent extensive medical and 
Surgical evaluation including liver function studies, CT scanning 
of the liver and pancreas, and transhepatic, retrograde, or 
Surgical cholangiography. All examinations were performed 
within 72 hr of each other. 

CT scanning was performed using the EMI-5000 prototype, 
the GE CT/T, or the Delta 50 body scanner. Scans were obtained 
both before and after intravenous injection of urographic con- 
trast material (usually 300 ml of iothalamate meglumine 30%). 
The common bile duct and common hepatic duct were identi- 
fied as low density oval or round structures. 

For the purpose of this study, we presumed that any tubu- 
lar structure in the porta hepatis and/or the head of the 
pancreas that did not enhance and was larger than 10 mm in 
diameter represented a dilated segment of the extrahepatic 
biliary system. For interpretation of the cholangiograms, an ex- 
trahepatic duct was considered dilated if it measured greater 
than 12 mm in diameter; this measurement takes into account 
the magnification created during cholangiography. 
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Findings 


Common bile duct obstruction was confirmed by sur- 
gery In cases 1-4 and 6, and by successful medical 
therany with resultant decrease in laboratory evidence of 
obstruction in case 5 (tables 1 and 2). The causes of 
common bile duct obstruction were choledocholithiasis 
(cases 1, 3, and 4), pancreatitis (cases 2 and 5), and 
carcinoma of the ampulla of Vater (case 6). The duration 
of Known obstruction varied from 2 days to 3 months. 

CT scanning after intravenous administration of con- 
trast meterial showed dilatation of the extrahepatic bili- 
ary tres with no dilatation of intrahepatic bile ducts in all 
Six patients (table 2). In all patients the diameter of the 
common bile duct as measured by CT was similar to that 
measured on cholangiograms or by direct observation at 


surgery. 


Discussion 


For many years, diagnostic evaluation of the patient 
with jaundice has been a particular challenge to the 
internist, surgeon, and radiologist alike. Invariably, the 
problem is one of differentiating nonobstructive from 
obstrustive jaundice. Most early reports of CT scanning 
of the liver [1-11] indicate that CT diagnosis of obstruc- 
tive jaundice can be made easily if dilatation of the 
intrahepatic biliary ducts is demonstrated. These reports 
emphasize careful evaluation of the hepatic parenchyma 
for low density branching structures (fig. 1A). These low 
density zones have been characterized as curvilinear 
near the liver hilum, horizontal in the left lobe, and 
circular: in the right lobe [9-11]. The biliary radicles are 
often v sualized because the x-ray attenuation coefficient 
of bile is usually lower than that of normal liver paren- 
chyma. 

CT often demonstrates dilatation of the extrahepatic 
biliary ree (fig. 1B) as well as of the intrahepatic ducts. 
Our stucy points out that demonstration of dilated in- 
trahepatic biliary ducts is not a necessary prerequisite 
to the CT diagnosis of obstructive jaundice. In fact, the 
CT scams in our group of patients showed no intrahepatic 
ductal dilatation. The CT diagnosis of obstructive jaun- 
dice wes mace only by the recognition of a dilated extra- 
hepatic biliary system. Careful evaluation of the extrahe- 
patic biliary structures is essential in interpreting CT 
scans cf patients with jaundice. CT scans of adjacent 
levels from the region of the porta hepatis through the 
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pancreatic head may reveal dilatation of the major right 
or left hepatic duct, the common hepatic duct, and the 
common bile duct. When dilated, the major and common 
hepatic ducts are seen as low density, branching tubular 
structures in the region of the porta hepatis anterior to 
the portal venous structures (fig. 2A), and the common 
bile duct is seen as a low density round structure in the 
head of the pancreas anterior to the inferior vena cava 
(fig. 2B). 

We found that identification of a dilated extrahepatic 
biliary duct is facilitated by the intravenous injection of a 
urographic contrast agent (fig. 3). The iodine-containing 
contrast material elevates the attenuation coefficient of 
the large vascular structures in the porta hepatis as well 


TABLE 1 
Clinical and Laboratory Findings 
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as that of the capillary bed in the pancreatic head. A 
dilated major hepatic, common hepatic, or common bile 
duct is then identifiable as a tubular structure of much 
lower attenuation coefficient than the surrounding struc- 
tures. 

In one of the three patients with choledocholithiasis 
(case 4), a calculus in the common bile duct was dem- 
onstrated by CT (fig. 4). Demonstration of a dilated 
extrahepatic bile duct in such circumstances may be 
difficult unless scans are obtained proximal to the ob- 
structing calculus. 

Although absence of intrahepatic ductal dilatation in 
patients with obstructive jaundice is apparently a phe- 
nomenon known to some radiologists (A. R. Margulis 
and H. |. Goldberg, personal communication, 1976), its 
explanation is less well understood. The duration of 
obstruction, the continuous versus intermittent nature of 
obstruction, and presence (or absence) of fibrosis in the 


A a Alkali shes sa 
Si i Duration of Total Biliru- Phospha-  SGOTt liver parenchyma (e.g., in cirrhosis) are possible factors 
No. hy (days) (mg/dl) eae (Ulter) explaining the absence of intrahepatic ductal dilatation 

? <r z a = : in obstructive jaundice. The duration of obstruction in 

arin 46 M 90 28 = i our patients ranged from 2 days to 3 months. In half the 

ee 71. M 60 65 ne 200 patients the duration was relatively short (days to weeks) 

TEN 73, M 2 5.5 131 44 and in the other half the duration was months. 

ee 30, F 14 4.5 590 25 A recent report [6] suggests that extrahepatic without 

6 ....-. TT, F 14 13.0 322 158 intrahepatic bile duct dilatation may be more common in 
* Normal = 0.2-1.5 ] ; ; ; ; 
sale ah aN Aimar jaundiced patients than suspected. This may be ex- 
¢ Normal = 7-26 IU/liter. plained by Laplace’s law which states that for a uniform 

TABLE 2 
Radiographic and Surgical Findings 
Case No. CT’ Cholangiography Surgery 
eee ee eee Stones within 1.7 cm common bile Endoscopic retrograde cholangio- 8 mm stone impacted in distal com- 
duct in pancreatic head pancreatography, nonfilling of mon bile duct, several gallstones 
biliary ducts; surgical cholangi- 
ography, normal intrahepatic 
ducts, 2.0 cm common bile duct 
with stone at ampulla 
CALkeiaranees: 2.5 cm common bile duct in porta Percutaneous transhepatic cholan- Normal gallbladder without stones; 
hepatis and pancreatic head giography, 2.6 cm nearly ob- 2.5 cm common bile duct com- 
structed common bile duct with pressed distally by inflamed edem- 
‘‘rattail” appearance; no dilated atous pancreas 
intrahepatic ducts 
< Riddre andenes 2.0 cm common bile duct in porta Intravenous cholangiography, non- 2 cm common bile duct with stones in 
hepatis visualization of biliary system; distal common bile duct 
surgical cholangiography, 2.2 cm 
common bile duct with stone in 
distal common bile duct, no di- 
lated intrahepatic ducts 
EE EE Distal common bile duct 1.3 cm at Not performed 1.2-1.5 mm common bile duct ste- 
level of 7 mm calcification; calci- nosed at ampulla of Vater; acute 
fication in gallbladder chronic cholecystitis with stones in 
common bile duct and gallbladder 
T ETIT. Proximal common bile duct 1.9 cm Percutaneous transhepatic cholan- Not performed (bilirubin level de- 
with dilated major right and left giography, 2.0 cm common bile creased with patient on ampicillin, 
hepatic ducts; enlarged pancreas duct with tapered distal portion; presumptive diagnosis was pan- 
normal intrahepatic ducts creatitis) 

E e E 2.3 cm common bile duct in porta Percutaneous transhepatic cholan- 2 cm common bile duct due to poorly 


hepatis 


giography, 2.5 cm common bile 
duct; no dilated intrahepatic 
ducts 


differentiated adenocarcinoma at 
ampulla of Vater 





* No patient had dilated intrahepatic ducts on CT. 
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Fig. 1.—Patient with obstructive jaundice due to choledocholithiasis. A, Scan after injection of urographic contrast material demonstrating typical 
appearance of dilated intrahepatic bile ducts as branching, tubular structures of low density. B, Scan 5 cm caudad showing dilated common bile duct 
as low density round structure in head of pancreas (anterior to inferior vena cava). 





Fig. 2.—Case 5, 30-year-old woman with obstructive jaundice due to pancreatitis. A. Scan after injection of contrast material showing no dilatation of 
intrahepatic ducts. Note dilatation of low density, major hepatic ducts (arrows) in portashepatis anterior to contrast-enhanced portal vein ‘curved arrow). 
B, Scan 4 cm caudad showing dilated common bile duct (arrow) within enlarged pamereatic head; larger low density structure to right of common bile 
duct is superior aspect of gallbladder. There is no intrahepatic ductal dilatation. 





Fig. 3.—Case 3, 71-year-old man with obstructive jaundice due to choledocholitiasis. A. Scan before injection of contrast material showing no 


dilatation of intrahepatic ducts in right and left lobes of liver. B, Scan at same level after in ection of contrast material showing portal vein (curved 
arrow) with low density tubular structure anteriorly (arrow) representing dilated commen hepatic duct. Of incidental note is right renal cyst. 
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Fig. 4.—Case 4, 73-year-old man with obstructive jaundice due to 
choledocholithiasis. Scan at level of distal common bile duct, after 
injection of contrast material, showing calcified sludge in gallbladder, 
calcification in dilated distal common bile duct (arrow), and contrast 
material at confluence of splenic and portal veins (curved arrow). 


pressure, the force dilating a cylinder (duct) is directly 
proportional to the diameter of the cylinder [5]. If the 
pressure within the biliary system is assumed to be 
uniform, then greater forces will be applied against the 
wall of the common bile duct as opposed to the intrahe- 
patic ducts because its diameter is larger [6]. The signif- 
icance of this concept is twofold: (1) because the com- 
mon hepatic and common bile ducts have the largest 
diameters in the biliary system, they will be the first to 
dilate in patients with extrahepatic biliary obstruction; 
and (2) if the intrahepatic bile ducts are the only sites 
evaluated, early extrahepatic obstruction might be 
missed because the smaller diameter, intrahepatic ducts 
will be the last to dilate. 

Our study indicates that (1) demonstration of dilated 
intrahepatic bile ducts is not a necessary prerequisite for 


the CT diagnosis of obstructive jaundice and (2) careful 
CT evaluation of the extrahepatic biliary ducts after 
intravenous administration of urographic contrast mate- 
rial is necessary to identify patients with isolated dilata- 
tion of the common hepatic or common bile duct. 
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Focal Nodular Hyperplasia and Liver Cell Adenoma: Radiologic and 
Pathologic Differentiation 


WILLIAM J. CASARELLA,' DANIEL M. KNOWLES,? MARIANNE WOLFF,? AND PHILIP M. JOHNSON' 


The majority of benign liver tumors that present major 
diagnostic problems to the radiologist and pathologist may be 
Classified as either focal nodular hyperplasia or liver cell 
adenoma. Focal nodular hyperplasia has an innocuous natu- 
ral history. Liver cell adenoma carries potential for life- 
threatening hemorrhage. A review of 108 cases of benign liver 
tumors reported since 1964 revealed 38 cases where sufficient 
pathologic data allowed an unequivocal differential diagnosis. 
Angiograms and radionuclide scans in these cases were 
correlated with the pathologic diagnosis. 

Focal nodular hyperplasia was characterized by hypervas- 
cular, sometimes multiple hepatic masses with dense, tor- 
tuous neovessels which occasionally showed a septated stain 
in a granular capillary phase corresponding to fibrous septa 
identified on gross pathology. One-third of these lesions 
captured sulfur colloid on radionuclide scans indicating Kupf- 
fer cell activity. Liver cell andenoma had a broad spectrum 
of angiographic findings ranging from completely avascular to 
hypervascular, with or without accompanying adjacent hema- 
toma. All cases of adenoma had clear defects on liver scan 
reflecting their total lack of Kupffer cells. The findings of the 
review were applied to eight cases in which accurate radio- 
logic differentiation could be made in seven on the basis of a 
combination of angiography and radionuclide scans. 


Introduction 


The radiologic evaluation of benign liver tumors has 
relied mainly on two techniques: angiography and liver 
scanning with radioactive nuclides. The experience with 
computed tomography and ultrasound is still fragmen- 
tary. The diagnostic signs of benign liver tumors are 
confusing, mainly because of inconsistent pathologic 
classification of these lesions. Many recent reports [1-7] 
treat as a homogeneous group two distinct entities: focal 
nodular hyperplasia and liver cell adenoma. With the 
exclusion of cavernous hemangioma, these two lesions 
account for the vast majority of benign liver tumors. 

Focal nodular hyperplasia is a benign, almost always 
innocuous lesion of uncertain pathogenesis, composed 
of hepatocytes, Kupffer cells, and bile ducts deposed in 
a characteristic manner [8]. Liver cell adenoma is a true 
neoplasm, composed entirely of hepatocytes, devoid of 
Kupffer cells and bile ducts, with a clinical course punc- 
tuated by hemorrhagic complications and occurring al- 
most exclusively in women or in men on hormone ther- 
apy [9] (table 1). 
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Same confusion results from the myriad of diagnostic 
terms pathologists have used to refer to focal nodular 
hyperplasia. These include hepatic hamartoma [10, 11], 
parenchymal hamartoma [12] hamartomatous cholan- 
giohepatoma [13], focal nodular cirrhosis [14], solitary 
hyperplastic nodule [15], isolated nodules of regenera- 
tive hyperplasia [16], hepatic adenoma [3, 4], benign 
hepatoma [17, 18], minimal deviation hepatoma [4], 
and—most confusing of all— liver cell adenoma [19]. In 
some reports these terms have been used interchangea- 
bly in referring to both focal nodular hyperplasia and 
liver cell adenoma [3]. In addition, several cases carrying 
different diagnoses have appeared in more than one 
artcle |1, 6]. Consequently most pathologists, radiolo- 
gists. and clinicians are rarely certain which entity is 
under discussion in a given case. 

We present the characteristic features of focal nodular 
hyperplasia and liver cell adenoma and outline the radio- 
logic manifestations for differentiation. Since the clinical 
implications of the two entities are quite different, the 
distinetion is more than academic. 


Pathology 


Focal nodular hyperplasia is usually a well circum- 
scribed but nonencapsulated, firm, nodular, cirrhoticlike 
mass in an otherwise normal liver. It generally is subcap- 
Sular but is pedunculated in 20% of cases [8]. Multiple 
les. ons are present also in 20% of cases [8, 9]. As many 
as 50 lesions have been reported in the same patient 
[20]. Pypically, the lesion is 4-7 cm in diameter, but may 
be as large as 15 cm and weigh several hundred grams 
(8, 9]. 

The gross appearance of focal nodular hyperplasia is 
almost pathognomonic (fig. 1A). Characteristically, it 
displays a stellate architectural configuration consisting 
of a central fibrous core and radiating septa which 
subdivide the mass into nodules (fig. 1B). Foci of hem- 
orrhage and necrosis are almost never present, and 
there is no true encapsulation. The normal hepatic lobu- 
lar architecture with portal tracts and central veins is 
disrupted. The hepatocytes are cytologically normal, and 
characteristically form nodular aggregates with centrally 
placed collections of proliferating bile ducts (fig. 1C). 
Scattered lymphocytes and proliferating bile ducts are 
also typically present in the fibrous septa. Ultrastruc- 
turally the cellular components of this hyperplasia are 
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TABLE 1 
Differential Features of Benign Liver Tumors 


Focal Nodular Hyperplasia Liver Cell Adenoma 


Pathology: 
DODN CONS. cock cc kes eins Hepatocytes 
Fibrous septa.....2...65..5%.% Homogeneous 


PA Te T i cise ns cinavi eens sve Few bile ducts 

ORON MUITIDIG ...5.6.06.0545 Rarely multiple 

Be | | rr Encapsulated 
Clinical: 


Rare symptoms ............. 
No malignant potential ...... 
CS 5 EET 
Birth to 80 years ............ 
?Hormone-related .......... 
Radiology: 
Always vascular............. 
Tortuous neovessels ........ 
Colloid uptake, 40% ........ 


Hemorrhage 
?Malignant potential 
Female, 99% 

17 to 61 years 
Steroid-induced 


Frequently avascular 
Hemorrhage, necrosis 
No colloid uptake 


nearly indistinguishable from those of normal liver [10]. 
Kupffer cells are present throughout the lesion. 

Liver cell adenomas are usually solitary, smooth, en- 
capsulated tumors [21]. The majority are 8-15 cm in 
diameter and are somewhat larger than lesions of focal 
nodular hyperplasia [9]. The cut surface lacks the stellate 
scar characteristic of focal nodular hyperplasia (fig. 2A). 
Bile stasis and focal hemorrhage and necrosis are fre- 
quently present. Microscopically, liver cell adenoma 
consists of sheets of normal to slightly atypical hepato- 
cytes which are frequently vacuolated (figs. 2B and 2C). 
Only an occasional fibrous septum traverses the lesion. 
There are no bile ducts or Kupffer cells [9]. Ultrastruc- 
turally, the hepatocytes show an abnormally simplified 
structure and are remarkably similar to each other [10]. 

Instances of isolated polycythemia [22] with focal nod- 
ular hyperplasia, and porphyria [23] and hepatic insuffi- 
ciency [24] associated with liver cell adenoma have been 
reported. In general, however, liver function is not al- 
tered in either lesion. 

Focal nodular hyperplasia seems to be without malig- 
nant potential. Edmondson [25] did not observe grada- 
tions between this hyperplasia and hepatic carcinoma. 
Literature review, including all the well documented 
cases of focal nodular hyperplasia [8, 9, 26-29], fails to 
document a single uneqltivocal instance of this hyperpla- 
sia associated with hepatocellular carcinoma. Many of 
these lesions were only biopsied and not excised. Sev- 
eral deaths have occurred during attempted resections 
[29]. No deaths have been reported due to the natural 
history of the disease. 

The lack of malignant potential is not clear-cut in liver 
cell adenoma [9]. The histologic differentiation of this 
entity and hepatocellular carcinoma may be difficult in 
borderline cases. This may account for the 21% recur- 
rence rate of liver cell adenoma reported by Warvi in 
1944 [30] and the 5% rate reported by Sorensen and 
Baden in 1975 [9]. There has been no recurrence in the 
Armed Forces Institute of Pathology series [26]. Many of 
the current cases are too recent for adequate follow-up. 


Although liver cell adenoma clearly has a low malignant 
potential, this uncertainty coupled with its propensity to 
hemorrhage argues for surgical excision. 

The possible relation of focal nodular hyperplasia and 
liver cell adenoma to the ingestion of oral contraceptives 
has intrigued many investigators [1-3, 11, 17-19, 28, 31, 
32]. Because focal nodular hyperplasia occurs in men 
and children as well as women, it is difficult to securely 
link the hyperplasia to these drugs 18, 26]. However, liver 
cell adenoma occurs almost without exception in women 
and is almost never seen as an incidental finding at 
autopsy [8, 9]. The only men in whom this adenoma has 
been reported are patients taking androgens or anabolic 
steroids for other problems [31]. In a recent report, 
Edmondson et al. [33] reviewed 42 cases of liver cell 
adenoma and showed a significant difference between 
patients with the adenoma and matched controls in the 
number of months of oral contraceptive use. It was also 
found that mestranol-containing drugs were implicated 
more commonly in the adenoma patients than the con- 
trol group. 

Patients with focal nodular hyperplasia have ranged 
from infants with congenital lesions to geriatric patients 
in whom it was incidentally discovered at autopsy. 
Knowles and Wolff [8] found 86% of patients with this 
hyperplasia to be women with a mean age of 39 years. 
Ishak and Rabin [26] noted that all 75 cases of liver cell 
adenoma on file at the Armed Forces Institute of Pathol- 
ogy were women 17-61 years old. However, Sorensen 
and Baden [9] maintained that the age and sex distribu- 
tions of the two entities were similar. 

Only two patients with documented focal nodular hy- 
perplasia have had hemorrhagic complications [26, 28]. 
In 20 patients with an antemortem diagnosis of focal 
nodular hyperplasia reported by Knowles and Wolff [8], 
the lesion was always an incidental finding. Sorensen 
and Baden [9] found that 35% of their 141 cases had an 
abdominal mass or discomfort. In contrast to this benign 
course, 36% of their reviewed cases with liver cell ade- 
noma had acute hemorrhage or tumor necrosis. 


Case Material 


All cases on file in the laboratory of surgical pathology 
of Columbia University and all literature reports of be- 
nign hepatic neoplasms (designated as focal nodular 
hyperplasia, liver cell adenoma, focal hepatic cirrhosis, 
hepatic adenoma, benign hepatoma, minimal deviation 
hepatoma, etc.) from 1940 to 1976 were reviewed inde- 
pendently by two surgical pathologists. The cases in file 
were designated as focal nodular hyperplasia or liver cell 
adenoma according to the histopathologic criteria pre- 
viously outlined by Edmondson [21, 25] and Knowles and 
Wolff [8]. 

The cases in the literature were those reported since 
1964 under various synonyms for benign liver tumors [3, 
5, 6, 11, 14, 27, 38, 31-52] in which individual case 
material was presented. Only those reported cases with 
clear histopathologic descriptions and/or photomicro- 
graphic documentation sufficient to allow a diagnosis of 
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Fig. 1.— Focal nodular hyperplasia. A, Gross pathology of cut section 
of liver incidentally found at autopsy. Lesion is firm and white with 
central scar and radiating fibrous septa. B, Low power photomicrograph 
showing fibrous septa separating lobules of normal appearing liver 
tissue. Many blood vessels and bile ducts are present. C, High power 


view showing normal hepatocytes, fibrous tissue, and interspersed Kupf- 
fer cells. 


focal nodular hyperplasia or liver cell adenoma mutually 
acceptable to two independent observers were included. 
Those cases in which either pathologist disagreed were 
not included in the analysis of the radiologic findings. 
Finally, all of the local and reported cases histopatholog- 
ically acceptable as hyperplasia or adenoma were sub- 
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Fig. 2 
Lesion is soft, freshy, and brown with focal areas of necrosis. B, Low 
power photomicrograph demonstrating sheets of hepatocytes and adja- 
cent herecrrhage and necrosis. C, Higher power view showing monoto- 


nously semnilar vacuolated hepatocytes lacking usual liver architecture. 
No Kupffer cells are seen. 


-Liver cell adenoma. A, Gross specimen of excised tumor. 


mitted for independent review of the radiologic findings 
without prior Knowledge of the pathologic diagnosis. 

A total of 38 reported cases of benign | ver tumors 
were thus obtained in which there was an unequivocal 
pathologic diagnosis and adequate radiologic data for 
analysis. There were 26 cases of focal nodular hyperpla- 
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Fig. 3.— 15-year-old boy with focal nodular hyperplasia. A, Selective hepatic arteriogram, early arterial phase, showing large tortuous neoplastic 
arteries in markedly hypervascular lesion. B, Later film, 15 sec after injection, showing prolonged, well demarcated stain with radiating fibrous septa. 
C, Radionuclide scan showing normal-appearing liver with considerable uptake of °™Tc sulfur colloid in lesion protruding off inferior surface of right 
lobe. This combination of findings is characteristic of focal nodular hyperplasia. D, Gross specimen confirming diagnosis of focal nodular hyperplasia. 
Histology showed well developed Kupffer cells and multiple, well developed fibrous septa. (Courtesy of Dr. Joel Budin, Hackensack Hospital, 


Hackensack, N.J.) 


sia and 12 of liver cell adenoma. Eight local cases with 
angiographic and radionuclide scan data were available 
for study. 
Findings 
Focal Nodular Hyperplasia 
Of the 26 reported cases of focal nodular hyperplasia, 


20 had hepatic angiography and 17 had liver scans. All 
of the angiograms revealed single or multiple hypervas- 


cular masses with a dense capillary blush. A recent case 
report [52] of “avascular focal nodular hyperplasia” 
almost certainly represents a liver cell adenoma on the 
basis of the presented histology. In nine of the 20 cases, 
there was visible septation of the tumor mass during the 
capillary phase of hepatic angiography. Most of the 
arteries within the lesions were extremely tortuous but 
not encased or obstructed. In only one case was arterio- 
venous shunting evident, and in no instance was there 
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shunting or extension into portal vein branches. In fact, 
the portal veins do not seem to supply significant blood 
to the lesions, which usually appear as a defect on the 
portal hepatogram phase of superior mesenteric arteri- 
ography. In no case was there evidence of portal hyper- 
tension, varices, or diffuse hepatic parenchymal disease. 
A classic example of focal nodular hyperplasia is a 15- 
year-old boy with a right upper quadrant mass (fig. 3). 
There was no exposure to hormones. Uptake of °™TC 
sulfur colloid in the mass is apparent. 

Radionuclide scans were reported in 17 cases. The 
lesions were characterized by significant uptake of la- 
beled colloid in six cases and very low or no uptake in 
11. '°'I rose bengal studies were performed in two cases. 
One was entirely normal; the other showed a focal 
decrease in excretion of the labeled rose bengal. The 
normal uptake of labeled colloid in some patients reflects 
the presence of active Kupffer cells in large enough 
numbers to appear similar to normal hepatic paren- 
chyma. In a similar fashion the rose bengal studies 
reflect relative presence or paucity of hepatocytes in the 
cases studied. The degree of sulfur colloid affinity has 
not been correlated with numbers of Kupffer cells. 


Liver Cell Adenoma 


Liver cell adenomas had a somewhat different angio- 
graphic spectrum. Of the 12 unequivocal cases, six were 
hypovascular with displacement and draping of hepatic 
arteries as a common feature. Four were complicated by 
areas of subcapsular hemorrhage or ischemic, irregular 
central areas consistent with necrosis. Whether or not 
the feeding vessels entered from the center or the pe- 
riphery of the lesion has no bearing on the differentiation 
between focal nodular hyperplasia and liver cell ade- 
noma. Half of the adenomas were hypervascular with 
tortuous vessels coursing through the lesion. In general, 
the arteries were not as densely concentrated or as 
tightly tortuous as in focal nodular hyperplasia. None 
had a clearly septated capillary blush, and the hypervas- 
cular lesions appeared more homogeneous than in hy- 
perplasia. However, when the angiograms of the ade- 
noma cases were very hypervascular, the differential 
between the two entities was difficult. The scan and 
angiographic findings are simplified and summarized in 
table 2. The 35 cases with both angiograms and scans 
represent 27 from the literature and eight from the 
authors’ series. 

Of the 12 reported adenomas, 10 had colloidal radio- 
nuclide scans. A large cold defect in the liver was 
invariably present. The defect was often larger than the 
adenoma itself, reflecting the presence of hemorrhage 
or necrosis. A typical example of liver cell adenoma is a 
young woman on oral contraceptives who had clinical 
signs of acute right upper quadrant hemorrhage (fig. 4). 
A central hypovascular mass with neovascularity on its 
right lateral border was shown on angiography. The 
large scan defect represents the liver cell adenoma plus 
an adjacent hematoma. After drainage the patient has 
done well and is free of clinical disease 4 years later. 


TABLE 2 
Summary of Angiographic and Radionuclide Scan Findings 


Angiography 
Radienuclide Sean 


Hypervascular Hypevascular 








Uptake of colloid 


DM ee 7 cases focal nodu- 
lar hyperplasia 
Focal defect ..... 19 cases focal nod- 9 cases liver cell ad- 


ular hyperplasia enoma 
or liver cell ade- 


noma 





Note.—Data on 35 patients. 


Discussion 


When the liver scans are combined with hepatic an- 
giography, an accurate differential can be made in many 
cases. There were 27 reported cases in which both 
procedures were done. All six hypovascular tumors 
which had no radionuclide uptake were liver cell adeno- 
mas. The six hypervascular lesions which captured col- 
loidal particles were focal nodular hyperplesia. The re- 
maining 15 were hypervascular and not labeled by nu- 
clides 11 were hyperplasia and four, adenoma. Of the 
11 cases of hyperplasia, at least five could be diagnosed 
by their dense, tortuous neovascularity associated with 
fibrous septation and irregular granularity in the capillary 
phase. Of the 27 cases, 10 could not ke definitely 
diagnosed by the combination of radionuclide scan and 
angiography. 

A major cifferential problem lies in distinguishing the 
two entities from hepatoma and metastatic tumor. This 
Subject has been well discussed by Goldstein et al. [6]. 
Maligmant hepatomas are usually distinguished from 
these lesions by their irregular diffuse marcins, arterio- 
venous shunting, invasion of portal veins, extensive 
neovascularity, associated hepatic cirrhosis, and mark- 
edly positive gallium uptake with a defect on °™Te sulfur 
collaid scans. There is insufficent gallium data to discuss 
its role in benign liver tumors. The two cases of hyperpla- 
Sia studied here have been gallium-negative. 

A selitary metastasis could be difficult to distinguish 
from tne twe entities by radiology alone. Clin cal features 
of a relatively well, young female patien: without a 
primary tumor are most helpful. Most metastases are not 
pedunculated or associated with necrosis or hemor- 
rhage They also do not sequester radioactive colloid or 
have the characteristic angiographic features cf focal 
nodular hyperplasia. 

Not all cases are as unequivocal as the above exam- 
ples. Multiple vascular lesions with discrete liver scan 
defects are difficult to differentiate from metastatic dis- 
ease on radiographic grounds alone. A case of multifocal 
nodular hyperplasia had cold defects on °™Tc sulfur 
colloid scar and no intrahepatic uptake of gallium (fig. 
5). This 48-year-old woman had a palpable mass. The 
benign nature of her problem was suspected by the 
presence of the large pedunculated lesion in the right 
lobe and her general good health without a known 
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primary malignancy. At exploratory surgery there were 
more than 20 firm white nodules in both lobes of the 
liver. Biopsy confirmed the diagnosis of hyperplasia. The 
patient is well and free of complication 3 years after the 
original diagnosis. 

An uncomplicated avascular lesion of liver cell ade- 
noma was discovered incidentally at the time of a hyster- 
ectomy in a 30-year-old woman with a history of oral 
contraceptive medication. The lesion was excised com- 
pletely after angiography and liver scan (fig. 6). She 
continues to do well 4 years after resection. Without 


Fig. 4.—30-year-old female with liver cell adenoma and acute intraab- 
dominal hemorrhage. A, Hepatic arteriogram showing central hypovas- 
cular mass in medial segment of left lobe with adjacent areas of 
neovascularity. B, Portal phase of superior mesenteric arteriogram re- 
vealing lateral displacement of left portal vein and downward displace- 
ment of right portal vein caused by liver cell adenoma and adjacent 
hematoma. C, Liver scan showing large central cold defect which 
comprised liver cell adenoma itself and adjacent hemorrhage. (A and B 
reprinted from [4]) 


ultrasound or computed tomography, it would be diffi- 
cult to differentiate this lesion from a cyst. An avascular 
carcinoma could appear similar. 

A very difficult, still indeterminate case is a 35-year-old 
female who suffered spontaneous subcapsular hema- 
toma adjacent to an avascular mass in the lateral margin 
of the right lobe of the liver. In addition, a pedunculated 
vascular mass which captured small amounts of sulfur 
colloid was identified in the inferior margin of the right 
lobe (fig. 7). The patient underwent exploratory surgery 
because of the hemorrhage and falling hematocrit, and 
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the hematoma was drained. Only the pedunculated infe- 
rior lesion was removed. This proved to be focal nodular 
hyperplasia with poorly developed fibrous septa and a 
paucity of Kupffer cells. The resected lesion was entirely 
intact with no evidence of infarction or hemorrhage. 
Insufficient tissue was obtained at the time of surgical 
drainage of the hematoma to confirm the diagnosis of 
liver cell adenoma or focal nodular hyperplasia in the 
hypovascular mass adjacent to the hematoma. The weak 
affinity for sulfur colloid was strong evidence for hyper- 
plasia in the resected mass, even though the typical 
granular septation was not present on angiography (fig. 
7A and 7B). 

All eight of our patients (five with hyperplasia and 
three with adenoma) have been carefully followed for 1- 
5 years and all are well without continued treatment. 
Three of the patients with hyperplasia and one with 
adenoma did not have complete surgical removal of their 
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Fig. 5.— 48-year-old female with 
difficult case of focal nodular hyper- 
plasia. A, Celiac arteriogram show- 
ing multiple neovascular masses 
within and pedunculated frem right 
lobe of liver. B, Radionuclide scan 
showing multiple defects in uptake 
of °™Tc sulfur colloid. indistinguish- 
able from multiple metastases. C, 
Gallium does not concentrate in le- 
sions. 


lesions. in the cases of adenoma and where pertinent in 
the patients with hyperplasia, oral contraceptive use was 
stopped. Two other patients with typical angiographic 
features of focal nodular hyperplasia and uptake of @™Tc 
sulfur colloid have been followed without biopsy and 
with no apparent progression of disease. These two 
cases were not included in our series because of the lack 
of pathologic correlation. There is some evidence from 
the follow-up of these cases and others in the literature 
(51, 52] that both of these lesions regress wit) comser- 
vative management and removal of hormone therapy 
where appropriate. 


Conclusions 


The distinction between focal nodular hyperplasia and 
liver cell adenoma is important because of the generally 
innocuous natural history of the former and the potential 
hazards inherent in the latter. The radiologic differentia- 
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tion of these two lesions has foundered on the lack of 
consistent pathologic differentiation. However, it seems 
clear that there are some reliable radiologic signs. For 
hyperplasia they include a hypervascular mass with 
tightly tortuous arteries and a septated blush on the 
capillary phase of angiography. Coupled with uptake of 
radioactive colloid in the mass, the angiographic find- 
ings are virtually diagnostic. 

On the contrary, a hypovascular mass with a focal 
defect on liver scan in an otherwise healthy liver in a 


Fig. 6.—Asymptomatic woman with liver cell adenoma. Early (A) and 
late (B) phases of selective hepatic arteriogram showing totally avascular 
lesion that displaces gallbladder laterally. No hemorrhage or extensive 
necrosis was seen at resection. C, Liver scan showing large cold mass 
compressing inferior margin of right lobe. (A and B reprinted from [4]) 


young woman on oral contraceptives would be highly 
Suspicious for adenoma and argue strongly for surgical 
excision. The presence of hemorrhage or necrosis would 
further support the diagnosis. 

Clearly, some cases will continue to present diagnostic 
problems for the radiologist and pathologist. Hypervas- 
cular lesions that lack the typical angiographic features 
of hyperplasia and do not capture sulfur colloid require 
excisional biopsy for proper management. When an 
unequivocal diagnosis of focal nodular hyperplasia can 
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Fig. 7.—35-year-old female with focal nodular hyperplasia. Early (A) 
and late (B) phases of hepatic arteriogram showing large subcapsular 
hematoma lateral to right lobe. Pedunculated vascular lesion off inferior 
border of lesion lateral to gallbladder with irregular capillary stain. 
Subjacent to hematoma is avascular mass. Resected pedunculated lesion 
was intact mass of focal nodular hyperplasia. Insufficient tissue was 
obtained from avascular lesion for accurate diagnosis. C, Radionuclide 
scan demonstrating lesion’s weak affinity for °™Tc sulfur colloid. (A and 
B reprinted from [4]) 
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intrathoracic Lymph Node Metastases from Extrathoracic Neoplasms 


THERESA C. McLOUD,' LESTER KALISHER,': * PAUL STARK,’ AND REGINALD GREENE’ 


The clinical records of 1.071 cases of extrathoracic malig- 
nant neoplasms seen over a 2 year period were reviewed: 163 
had abnormal chest films, and 25 of these showed evidence 
of mediastinal and/or hilar lymph node metastases. The pri- 
mary malignancies which metastasized to intrathoracic lymph 
nodes included eight tumors of the head and neck, 12 geni- 
tourinary malignancies, three carcinomas of the breast, and 
two malignant melanomas. The chest films were analyzed to 
determine the distribution of lymph node groups involved. 
Unilateral lymph node enlargement occurred in eight. The 
most frequently detected lymph node group was the right 
paratracheal chain (60%), while the subcarinal and posterior 
mediastinal groups were rarely affected. Of the 25 cases, 10 
had radiographic evidence of hematogenous or lymphangitic 
metastases in addition in the lungs. Metastatic disease from 
extrathoracic neoplasms should always be considered in the 
differential diagnosis of hilar and mediastinal adenopathy. 


Metastatic disease from extrathoracic neoplasms is an 
infrequent cause of mediastinal and hilar lymph node 
enlargement. Radiographically identifiable intrathoracic 
lymphadenopathy has previously been reported in a 
series of patients with malignant melanoma [1], renal 
cell carcinoma [2, 3], and carcinoma of the breast [4]. 
Isolated case reports [5-7] and personal observations [7, 
8] also cite primary sources from cancer of the gastroin- 
testinal tract, prostate, kidneys, and breast. We under- 
took the following radiologic study to assess the relative 
frequency of various types of extrathoracic neoplasms 
which metastasize to intrathoracic lymph nodes and to 
describe the distribution of particular intrathoracic 
lymph node groups which are involved. 


Materials and Methods 


The clinical records of patients initially seen in the Oncology 
Center of our institution during 1974 and 1975 were reviewed. 
Excluded from the study were patients with primary intratho- 
racic cancers (i.e., lung, esophagus, and mediastinum); malig- 
nant tumors of the brain, spinal cord, and skin (except mela- 
noma), which are known to rarely cause any form of distant 
metastatic spread; and tumors of the lymphatic and reticuloen- 
dothelial system (i.e., lymphoma and leukemia). The case rec- 
ords were available in the form of computerized summaries 
which included clinical follow-up until the present (1977) anda 
listing of all abnormal radiographic studies. 

A total of 1,071 cases had 1,151 malignant tumors; several 
patients had two or more primary tumors. The 651 females and 
420 males ranged in age from 8 to 100 years (mean, 50.8); only 
25 cases were in the pediatric age group. The chest radiographs 
of 163 patients were reported as abnormal at some point during 
their clinical course. Of these, 149 were available for review and 
were analyzed by two of us (T. C. McLoud and L. Kalisher) for 
the presence of hilar or mediastinal lymph node enlargement. 
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Results 


Of the 149 chest radiographs reviewed, 24 demon- 
strated evidence of hilar and/or mediastinal lymphade- 
nopathy. Among the 14 additional cases without avail- 
able films, one was included in the series because 
several radiologic reports described bilateral hilar and 
right paratracheal lymph node enlargement. The primary 
malignancies which metastasized to intrathoracic lymph 
nodes included eight tumors of the head and neck (i.e., 
upper respiratory passage, oral cavity, and neck); twelve 
genitourinary malignancies; three carcinomas of the 
breast; and two malignant malanomas (table 1). The 
frequency of intrathoracic metastases was highest in 
renal cell carcinoma (21.4%) and testicular tumors 
(29.4%). There were no sarcomas with intrathoracic 
lymph node metastases among the 25 cases. Four pa- 
tients had hilar or mediastinal lymphadenopathy dem- 
onstrated on the chest film at the time of initial exami- 
nation (thyroid, kidney, testis, and larynx). In two of 
these cases (kidney, testis), the intrathoracic lymph node 
metastases were discovered on routine chest films. 

Pathologic corroboration of hilar and/or mediastinal 
lymph node metastases was available in 14 of the 25 
cases. Two were confirmed at autopsy, 11 had biopsy 
performed at either thoracotomy or mediastinoscopy, and 
one had an aspiration needle biopsy of a parenchymal 
lung metastasis. The remaining 11 had clinical courses 
consistent with metastatic disease. Five of those 11 
expired during the follow-up period 1974-1977, and four 
of the remaining six demonstrated reduction in the 
lymphadenopathy after irradiation or chemotherapy. Al- 
though not all clinical records of the study group were 
reviewed in detail for evidence of other metastatic dis- 
ease, the fact that 11 of the 25 patients with thoracic 
lymph node metastases succumbed within 2 years indi- 
cates the grave prognosis of the finding. 

The chest films were analyzed to determine the extent 
of intrathoracic lymphadenopathy and to codify the in- 
volved groups. Although several variations in nomencla- 
ture exist, we chose to use Rouviere’s classification [9]: 
(1) anterior mediastinal or prevascular nodes (nodes of 
the aorticopulmonary window were included in this 
group); (2) peritracheobronchial nodes, that is, right and 
left paratracheal chain, bifurcation, or subcarinal nodes 
and nodes of the pulmonary roots or hilar nodes (proxi- 
mal intrapu monary nodes were also included in the hilar 
region); and (3) posterior mediastinal nodes. The pres- 
ence of parenchymal lung metastases of either hematog- 
enous or lynphagitic type was also assessed. 
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TABLE 1 
Frequency of Intrathoracic Lymph Node Metastases 
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Sites of Primary Malignancy Doaa AOANGPHRRY 
No. % 
Head and neck: 
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Posteroanterior and lateral high kilovoltage (150 kV) 
films only were performed on 15 patients; nine had 
additional tomographic studies. As mentioned above, 
the films on one patient could not be retrieved, but 
several radiologic reports indicated the presence of 
lymphadenopathy. The initial chest radiograph which 
demonstrated the intrathoracic lymph node enlargement 
was evaluated. Table 2 lists the frequency of anatomic 
distribution of the involved lymph node groups. Unilat- 
eral lymph node enlargement was observed in eight of 
the 25 patients (fig. 1), and bilateral hilar nodes with or 
without mediastinal involvement was seen in seven (fig. 
2). The right paratracheal chain was the most frequently 
detected lymph node group (60%) (fig. 1). The least 
frequently detected groups included the subcarinal re- 
gion and nodes of the posterior mediastinum (one case 
each). However, evaluation of these areas was limited by 
the absence of overpenetrated posteroanterior views or 
mediastinal tomograms in all cases. Five cases had 
multiple pulmonary nodules consistent with hematoge- 
nous metastases (fig. 3) and five had a radiographic 
pattern indicative of either local or diffuse lymphagitic 
spread. Metastasis to a single lymph node group as an 
isolated abnormality occurred in five cases in which the 
primary tumors were carcinomas of the bladder, larynx, 
testis, thyroid, and breast. 


Discussion 


The differential diagnosis of hilar and mediastinal 
lymph node enlargement includes such entities as lym- 
phoma, local extension from bronchogenic carcinoma, 
noninfectious granulomatous disease (i.e., sarcoidosis), 
and infectious granulomas (e.g., tuberculosis and histo- 
plasmosis) [10]. Metastasis from extrathoracic neo- 
plasms is considered to be a rare cause of intrathoracic 
lymphadenopathy, particularly if bilateral hilar nodes or 
isolated lymph node groups are involved [3, 11]. In a 
large proportion of our cases (12 of 25), the intrathoracic 


TABLE 2 
Anatomic Location of Metastatic Lymph Nodes 
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Fig. 1.—Metastatic carcinoma of breast with right paratracheal 
(azygous) lymph node enlargement. Left mastectomy. 


metastases arose from tumors of the genitourinary tract. 
This finding agrees with the findings of studies of renal 
cell carcinoma [2, 3, 7] and carcinoma of the prostate 
[8]. In a series of 152 patients with metastatic hyperne- 
phroma, Arkless [12] found 11 with mediastinal adenop- 
athy involving carinal, hilar, and paratracheal areas. 
Lymphogenous spread is one of a variety of pathways by 
which kidney neoplasms can metastasize [2]; however, 
extension to regional and occasionally distant nodes is 
the primary and more common metastatic route for 
tumors of the ovary, uterus, testis, and prostate. Early 
extension to paraaortic nodes occurs frequently in testic- 
ular tumors [13]. In an autopsy series, Barringer and Earl 
[14] reported that 27% of testicular teratomas presented 
with evidence of metastatic disease involving lymph 
nodes from the bifurcation of the aorta to the left supra- 
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Fig. 2.—Posteroanterior (A), lateral (B), and anteroposterior (C) tomograms showing bilateral hilar adenopathy secondary to metastases from malig- 


nant melanoma. (Case not from present series). 





Fig. 3.—Anteroposterior tomogram showing bilateral paratra- 
cheal adenopathy and parenchymal hematogenous metastases 
from androblastoma of testis. 


clavicular region. Each patient in this group with meta- 
static adenopathy demonstrated a continuous chain of 
metastatic nodes along the course of the thoracic duct. 
In our series, testicular tumors demonstrated the highest 
frequency of mediastinal metastases (29.4%). 

Lymphatic metastases from carcinoma of the endo- 
metrium appear late in the course of the disease and 


primarily involve the external iliac and paraaortic chains 
[13]. Numerous lymphatic outlets of the cervix produce 
regional metastatic implants in the pelvic nodes and 
subsequent extension to the paraaortic group, the tho- 
racic duct, supraclavicular nodes, and mediastinal nodes 
[13]. Although there were no cases of carcinoma of the 
prostate in our series, metastases to the mediastinum 
from this tumor has been observed [8, 10]. 

The route and mechanism of extension of lymph node 
metastases into the thorax from retroperitoneal nodes 
secondarily involved by genitourinary neoplasms is not 
completely understood. The lymphatics from the pelvis 
and abdomen drain into the thoracic duct. No direct 
communication between the anterior mediastinum and 
the thoracic duct as it courses through the posterior 
mediastinum has been shown [16]. However, if incom- 
petemce or absence of valves controlling direction of 
flow exists, reflux of tumor emboli from the thoracic duct 
into the bronchomediastinal trunks will occur. Retro- 
grade flow into the paratracheal, bronchopulmonary, 
and interlebular lymphatics may then ensue [15-17]. It 
has been shown that reflux into mediastinal nodes dur- 
ing lymphangiography normally occurs in 5%-14% of 
patients, presumably due to incompetent valves [18]. 

Cancer of the nasal and oral cavities and neck primar- 
ily metastasize to the regional lymphatics, often causing 
deatn by local pressure upon vital structures before 
hematogenous dissemination occurs [19]. One-third of 
the cases of mediastinal adenopathy in our series were 
secondary to carcinomas of this area. Drainage typically 
is from local lymph node groups to one of the three 
lymphatic chains in the neck, that is, the anterior or 
jugular chain, the posterior or spinal chain, and the 
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transverse or supraclavicular chain. Communication be- 
tween the anterior chain and anterior mediastinal lymph 
nodes has been described by Rouviere [9]; this route is 
presumed to be the course by which mediastinal lymph 
node metastases occur. In a series of 115 cases of 
operated thyroid carcinoma with clinically positive cer- 
vical nodes, Frazell and Foote [20] found six with me- 
diastinal extension. Carcinomas of the laryngopharynx 
also tend to spread toward the mediastinum through 
lymphatic permeation [13], and mediastinal lymph node 
involvement in laryngeal carcinoma often accompanies 
stomal recurrence after a laryngectomy [21]. 

Malignant melanoma accounted for two of the cases 
of lymph node enlargment in our series. Although mela- 
nomas are uncommon primary cancers, representing 
only 1% of all malignant tumors, they account for a 
significant percentage of lesions which metastasize to 
the thorax [1]. In a series of 65 patients with radiograph- 
ically identifiable metastases to the thorax, Webb and 
Gamsu [1] reported 28 with enlargement of mediastinal 
or hilar lymph nodes on the chest radiograph. All but 
three in that series had evidence of pulmonary parenchy- 
mal metastases as well. In our series, however, neither 
of the two patients with metastatic melanoma to intratho- 
racic lymph nodes initially demonstrated pulmonary pa- 
renchymal nodules. Although melanoma disseminates 
widely to many organs, initial spread occurs to regional 
lymph nodes with subsequent extension into the medias- 
tinum. 

Radiographically visible metastases from carcinoma of 
the breast to mediastinal or hilar lymph nodes has been 
observed [4, 5]. Minor [4] reported a series of 314 cases 
of malignant neoplasms which had metastasized to the 
thorax. Of the 77 breast carcinomas, 18 exhibited me- 
diastinal lymph node involvement on the chest radio- 
graph. In our series the incidence of lymph node metas- 
tasis from breast carcinoma was much lower (three of 
248, or 1.2%). Since carcinoma of the breast is often a 
relatively slowly growing tumor, metastases may become 
visible several years after the primary tumor has been 
resected; mediastinal adenopathy is more likely to occur 
late in the course of the disease. Gouin et al. [5] reported 
three cases of mediastinal lymph node metastases which 
appeared on an average of 7 years after original diagno- 
sis and treatment. Our series represented only a 3 year 
follow-up after initial presentation. Handley and Thack- 
ray [22] discovered that the internal mammary lymph 
chain was important in the treatment of carcinoma of the 
breast because of the drainage to that area from inner 
quadrant lesions. Communication between the upper 
parasternal and anterior mediastinal nodes has been 
noted, suggesting a direct route by which mediastinal 
metastases occur [23]. 

In our series there were no cases of intrathoracic 
lymph node metastases from carcinomas of the gastroin- 
testinal tract. This finding differs somewhat from reports 
[24, 25] which describe hilar adenopathy in association 
with carcinoma of the stomach and (rarely) the pancreas. 
However, in all cases described in the literature, hilar 
adenopathy was invariably associated with radiologic 


evidence of lymphangitic carcinomatosis in the lungs. 
Only rarely were other mediastinal lymph node groups 
described as being enlarged [24, 25]. 

There may be several explanations for our failure to 
observe any intrathoracic lymphadenopathy among 46 
carcinomas of the stomach and 25 primary tumors in the 
pancreas. As Yang and Lin [25] emphasized in a review 
of the chest films of 62 proven cases of lymphangitic 
carcinoma, the most common pattern in carcinoma of 
the stomach is a progressive diffuse reticular pattern in 
both lungs with normal hila or minimal hilar enlarge- 
ment. They suggested that the route of metastatic spread 
was via the diaphragmatic lymphatic channels to the 
parietal and visceral pleura with subsequent involvement 
of the intrapulmonary lymphatics, rather than retrograde 
extension from mediastinal and hilar nodes already en- 
larged by metastatic tumor. Hilar lymphadenopathy 
would then constitute a secondary site of metastatic 
extension. 

It has been postulated that hematogenous dissemina- 
tion to the capillaries of the lungs, followed by invasion 
of the peripheral lymphatics and spread along them to 
the hila, occurs in lymphangitic carcinomatosis [8]. 
Spread by this route may occur in carcinoma of the 
pancreas. In any case, intrathoracic lymph node enlarge- 
ment in metastatic stomach and pancreatic cancer is not 
an isolated phenomenon but is almost invariably associ- 
ated with or follows radiologic evidence of lymphangitic 
spread and is usually limited to the hilar nodes. 

Our results indicate that individual types of primary 
cancers do not show any particular distributions of 
adenopathy in the thorax. However, the subcarinal and 
posterior mediastinal lymph node group are infrequently 
involved in metastatic disease. Unilateral lymphadenop- 
athy, which is felt to be characteristic of bronchogenic 
carcinoma and infectious granulomatous disease (such 
as tuberculosis), occurred in almost a third of our pa- 
tients. Furthermore, enlargement of a single lymph node 
group as an isolated abnormality was also an occasional 
feature of metastatic disease. Lymphadenopathy in the 
thorax from metastases such as testicular tumors may 
occur as an incidental finding on a chest radiograph 
before the primary lesion is recognized. 

In conclusion, metastatic disease from extrathoracic 
neoplasms should always be considered in the differen- 
tial diagnosis of hilar and mediastinal adenopathy. In our 
experience, the most common extrathoracic primary 
cancers to be considered are genitourinary, head and 
neck, breast, and malignant melanoma. 
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A Reevaluation of Intrathoracic Lymphadenopathy in Sarcoidosis 


M. E: BEIN,”** C. E: PUTMAN,’ T. 


Chest radiographs of 62 patients with sarcoidosis and intra- 
thoracic lymphadenopathy were evaluated retrospectively for 
anatomic distribution of lymph nodes. All but two cases had 
bilateral hilar lymphadenopathy. Approximately 75% of the 
patients had nodal enlargement in the right paratracheal or 
aortopulmonic window regions and about 20% in the subcar- 
inal or anterior mediastinal areas. The most frequent combi- 
nation of lymphadenopathy, found in 37% of cases, included 
the aortopulmonic window, bilateral hilar, and right paratra- 
cheal regions. Right paratracheal and bilateral hilar lymph 
node enlargement was seen in only three patients. Aortopul- 
monic window nodes were almost always found with hilar or 
hilar and mediastinal lymphadenopathy. Anterior mediastinal 
or subcarinal involvement was never found without some 
combination of right paratracheal, bilateral hillar, and aorto- 
pulmonic window lymphadenopathy. We therefore conclude 
that aortopulmonic window, anterior mediastinal, or subcar- 
inal lymph node enlargement often accompany the character- 
istic lymphadenopathy of sarcoidosis. 


Intrathoracic lymphadenopathy has been reported in 
approximately 60%-90% of patients with sarcoidosis [1- 
10] and typically is located in the hila alone or in the hilar 
and paratracheal regions [1, 5-20]. It has been infre- 
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quently reported in the anterior or other mediastinal 
compartments [9, 19, 21-23]. We have reevaluated 
lymphadenopathy in sarcoidosis with particular empha- 
sis on the subcarinal, aortopulmonic window, and ante- 
rior mediastinal regions. 


Subjects and Methods 


A total of 37 patients with sarcoidosis who were followed at 
Yale-New Haven Hospital were evaluated retrospectively. 
Twenty-five patients without intrathoracic lymphadenopathy 
were excluded. The remaining 62 serve as the basis for this 
report. 

Thesdiagnosis of sarcoidosis was made by liver biopsy in 85% 
of the cases and in the remainder by skin biopsy. Noncaseating 
granulomas were demonstrated without histologic or bacterio- 
logic evidence of a specific etiology. Clinical observation lasted 
from 1-10 years and was compatible with the diagnosis of 
sarcoidosis. Patients ranged in age from 19-67 years; 85% were 
between 20 and 49 years. There were 43 females (70%) and 19 
males. Racially, 44 patients were black (71%), 15 were Cauca- 
sian, and three were Hispanic. The largest sing e group con- 
sisted of 30 black females. Clinical and/or rad ographic evi- 
dence of extrathoracic involvement occurred as peripheral 






Fig. 1.—Frequency of individual 
lymph node group involvement in 62 
cases of sarcoidosis with intrathoracic 
lymphadenopathy. Numbers in paren- 


Gor 
theses represent actual number of 
cases. 
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lymphadenopathy in 32%, hepatomegaly in 11%, and spleno- 
megaly in 10%. 

Routine posteroanterior and lateral chest radiographs were 
available for all patients for a period of at least 1 year. Ten 
patients had undergone anteroposterior mediastinal tomograms 


and five had barium esophagrams; only one patient had both 


examinations. These studies usually confirmed findings sus- 
pected on the plain film; unsuspected abnormalities were found 
in one patient. 

Radiographs were initially evaluated independently by two of 
us (M. E. Bein and C. E. Putman) and then reviewed with T. C. 





Fig. 2.—A, Bilateral hilar, right paratracheal (arrowheads), aortopul- 
monic window (arrowhead), and subcarinal (open arrows) lymphadenop- 
athy. Note loss of cephalad portion of azygoesophageal recess and 
suggestion of posterior mediastinal nodes (arrows) with loss of paraaor- 
tic line. B, Lateral view showing both hilar and subcarinal lymphadenop- 
athy superimposed. Clear retrosternal air space (X) indicates absence of 
anterior mediastinal involvement. C, Tomogram, slightly posterior to 
main bronchi, more clearly delineating subcarinal lymph nodes intruding 
into azygoesophageal recess (open arrows). Posterior mediastinal lymph 
nodes (arrows) are better visualized. 


McLoud. Agreement was obtained among all of us in most 
cases, although in several only two agreed. 

Radiographs chosen for detailed review had the maximum 
observed lymphadenopathy without clinical evidence of a su- 
perimposed pathologic process. Lymph node groups were con- 
sidered positive if there was increased density (usually lobu- 
lated) or calcification in a particular anatomic region. Associ- 
ated pulmonary parenchymal disease was noted in 42% at the 
time of maximum lymphadenopathy. 

The lymph nodes of particular interest in this study were: 

Subcarinal. The subcarinal [24], bifurcation, or inferior tra- 
cheobronchial group of nodes [25] on the right were specifically 
evaluated. They were considered enlarged if the azygoesopha- 
geal recess on the posteroanterior view was clearly visualized 
throughout its extent and displaced laterally to the right or 
appeared as a convexity to the right in the cephalad portion 
[24]. Posterior displacement of the barium-filled esophagus (26, 
27] was occasionally seen. The carinal angle was not evaluated 
because it is considered an unreliable indicator of enlarged 
bifurcation nodes [26]. 

Aortopulmonic window. Loss of the normally straight or 
concave appearance of this area on the posteroanterior chest 
radiograph was considered a positive finding [28, 29]. Involve- 
ment may be due to enlarged ductus nodes which are the lowest 
of the left anterior mediastinal (prevascular) chain, or to en- 
larged inferior nodes in the left tracheobronchial chain [28, 29}. 

Anterior mediastinal. Increased density anterior to the great 
vessels retrosternally on the lateral radiograph constituted a 
positive finding [26]. Right anterior mediastinal (prevascular) 
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nodes would be expected to project more anteriorly than the 
left prevascular nodes on the lateral view [23]. With involvement 
of the r&rt prevascular group, there was frequently lobulated 
mediastir | widening on the posteroanterior view located more 
laterally than the paratracheal nodes themselves and more 
inferiorly than the tracheobronchial angle. 

The evafuation of hilar, right paratracheal (tracheobronchial), 
and post="ior mediastinal lymphadenopathy has been previ- 
ously deserided [24, 26, 30]. We included both intrapulmonary 
and pulmonary root nodes in the hilar region (19, 26]. Left 
paratracreal lymphadenopathy was not evaluated. These nodes 
are smalver and fewer in number than those in the right paratra- 
cheal chain [25, 25] and are difficult to visualize because of their 
anatomie pesitiom [23, 25, 26]. The left prevascular nodes lie 
more late-ally than the left paratracheal group and therefore will 
be visuatized on the posteroanterior radiograph at an earlier 
Stage of enlargement [23, 28]. In order to obviate the difficulty 
in disting- shing left prevascular from left paratracheal nodes, 
widening ef the superior mediastinum on the left in the poster- 
oanterior view was considered indeterminate unless there was 
evidence ot anterior mediastinal lymphadenopathy on the lateral 
view. Laveral mediastinal tomograms or barium esophagrams 


Fig. 3.—A, Radiograph showing ex- 
tensive lymphadenopathy involving bi- 
lateral hilar, right paratracheal (arrow- 
heads), aortopulmonic window (white 
arrows), right prevascular (arrows), 
and subcarinal (open érrows) regions. 
Prominence is also noted along left 
side of superior mediastinum. B, Lat- 
eral film suggesting fullness in ante- 
rior mediastinum (X), although not as 
marked as in A. C and D, Film 4 
months after A showing reduction in 
lymphadenopathy. Normal cephalad 
portion of azygoesoprageal recess is 
again seen (open arrows). Right pre- 
vascular lymphadenopathy has disap- 
peared. Retrosternal air space ap- 
pears normal on lateral view (D). 


mignt have aided in differentiating the two groups (23, 30, 31], 
but these studies were not routinely available. 

The described lymphatic groups comprise the visceral intra- 
thoracic nodes. The parietal nodes were also considered in this 
review [25]. The radiographic evaluation of internal mammary, 
diaphragmatic, and paravertebral lymphadenopathy has been 
described [32-34]. 

In the majority of cases radiographs were available either 
before or after the maximum lymphadenopathy, thereby indi- 
rectly confirming the involved anatomic locations. No patient 
had surgical confirmation of the radiographic findings. 


Results 


The frequency of individual lymph node group involve- 
ment is diagrammatically represented in figure 1. Bilat- 
eral hilar lymphadenopathy was found in 60 cases (98%) 
(fig. 2 and 3). Aortopulmonic window and right paratra- 
cheal nodal enlargement occurred in 76% (figs. 2 and 4) 
and /1% (figs. 3 and 4), respectively. Subcarinal lymph- 
adenopathy was observed in at least 13 patients (21%) 
(figs. 2 and 5). In 28 patients, the azygoesophageal 
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Fig. 4.—A, Posteroanterior film showing bilateral hilar, right paratracheal (open arrow) and aortopulmonic window (arrowhead) lymphadenopathy. 
Additional line along right side of mediastinum (arrows) extends inferior to tracheobronchial angle, raising possibility of right prevascular 
lymphadenopathy. Subcarinal area could not be optimally evaluated. B, Lateral film demonstrating lymphadenopathy intruding into retrosternal air 
space (arrowhead), confirming presence of enlarged prevascular nodes. C, Lateral tomogram more clearly defining right prevascular lymphadenopathy 
(arrowheads). 


recess could not be optimally visualized throughout its 
entire extent; these were therefore classified as indeter- 
minate. Enlarged anterior mediastinal nodes were found 
in 10 patients (figs. 3 and 4), and a single case of 
posterior mediastinal lymphadenopathy was seen (fig. 
2). There were no cases of enlarged parietal lymph 
nodes. Only three patients had calcified nodes (fig. 6); 
these have been previously described [35]. 

The most frequent combination of lymphadenopathy, 
found in 37% (table 1), was aortopulmonic window, 
bilateral hilar, and right paratracheal. Bilateral hilar 
lymphadenopathy alone occurred in 10 patients, while 
bilateral hilar and aortopulmonic window nodes were 
found in seven. Only three cases had the typical triad of 
enlarged nodes confined to the hila and right paratra- 
cheal regions. 

Anterior mediastinal or subcarinal lymphadenopathy 
did not occur as an isolated feature. It was never found 
without combinations of right paratracheal, bilateral hi- 
lar, and aortopulmonic window nodes (figs. 2 and 4). In 
six cases anterior mediastinal and subcarinal lymph 
node enlargement coexisted (figs. 3 and 5). 

Isolated aortopulmonic window lymphadenopathy was 
seen in one patient and a combination of aortopulmonic 
window and right paratracheal nodes was found in one 
other case. In all other instances aortopulmonic window 
involvement was associated with hilar or hilar and me- 
diastinal lymphadenopathy (figs. 2 and 3). The single 
case of posterior mediastinal lymphadenopathy was as- 
sociated with extensive hilar and mediastinal disease 
(fig. 2). 

Bilateral hilar nodes were almost always symmetrical, 
but mediastinal lymphadenopathy tended to be some- 
what more prominent on the right (figs. 3 and 5). The 
varying distributions of lymphadenopathy were too small 


to be analyzed separately, but it can be seen from table 
1 that the cases with the most widespread involvement 
did not necessarily have an increased frequency of 
associated parenchymal disease or extrathoracic mani- 
festations. 


Discussion 


The frequent occurrence of bilateral hilar and right 
paratracheal lymph node enlargement in patients with 
sarcoidosis and intrathoracic lymphadenopathy has 
been previously observed [1, 5, 7-10, 13-15, 18-20] and 
is in general agreement with our findings. The aortopul- 
monic window, however, has previously received little 
attention; we found that 75% of our patients had lym- 
phatic involvement in this region. Wigh and Montague 
[19] reported 30% of their series had enlarged ductus 
nodes. No other reference to ductus or aortopulmonic 
window lymphadenopathy could be located. The over- 
whelming majority of aortopulmonic window nodes in 
our cases were associated with more extensive lymph- 
adenopathy in the hila or mediastinum. Nevertheless, we 
did find a single case with these window nodes alone 
and an additional case with right paratracheal and aor- 
topulmonic window involvement. The most frequent 
combination of lymphadenopathy, (37% of our cases) 
consisted of the aortopulmonic window, bilateral hilar, 
and right paratracheal regions. This contrasts with only 
three cases of right paratracheal and bilateral hilar 
lymphadenopathy, which previously has been consid- 
ered a frequent or characteristic combination in sarcoid- 
osis [1, 7-10, 13-15, 18-20]. 

Subcarinal lymphadenopathy has not previously been 
discussed in sarcoidosis. We found involvement in about 
one-fifth of cases, which represents a minimum number. 
Routine use of mediastinal tomograms and barium eso- 
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Fig. S.—A, Lymphadenopathy in bi- 
lateral hilar and aortopulmonic win- 
dow regions (arrow). There is right- 
sided mediastinal widening (arrow- 
head). From this view it is uncertain 
whether paratracheal or prevascular 
lymphadenopathy is present. Subcar- 
inal lymohadenopathy also may be 
present (@pen arrow). B, Lateral film 
suggesting slight fullness in retroster- 
nal air space (X).C, Tomogram at level 
of main bronchi clearly defining bilat- 
eral subcarinal lymphadenopathy 
(open arrows) with narrowing of left 
main stem bronchus, and impression 
on medial wall of right main stem 
bronchus and bronchus intermedius. 
Minimal ‘'ymphadenopathy in right 
paratracheal area is also seen (arrow- 
head). D, Tomogram anterior to main 
bronchi cemonstrating lobulated me- 
diastinal widening extending more in- 
feriorly than tracheobronchial angle 
on right (arrowheads), indicating right 
prevascular lymphadenopathy. 





phagrams would probably result in a greater number of 
cases. Subcarinal node involvement was always accom- 
panied by lymphadenopathy in three or four other dis- 
tinct anatomic regions. 

The occurrence of lymphadenopathy in the anterior 
mediastimum has been described as rare or uncommon 
[9, 21, 22]. Wigh and Montague [19] found four of 50 
patients with anterior mediastinal nodes. A recent report 
utilizing lateral tomography of the mediastinum de- 
scribed 16 such cases but gave no indication of the 
frequency of this finding [23]. We found 16% with ante- 
rior mediastinal nodal enlargement. This represents the 
largest reported frequency of anterior mediastinal 
lymphadenopathy in sarcoidosis. yet it is possible that 
more examples could have been found with the routine 
use of lateral tomography. All of our cases also had 





nodal involvement in the hila and mediastinum. 

Our single case of posterior mediastinal ly phadenop- 
athy was associated with extensive lymphatic enlarge- 
ment. No cases of parietal lymphadenopathy were ob- 
servec. It is not known why these groups ere so infre- 
quently involved. 

Ao topulmonic window, anterior mediastinal, and sub- 
carina! lymphadenopathy have received relatively little 
atten ion in the literature, so we reviewed our series to 
determine whether it differed significantly ‘rom those 
previously reported. The age, sex, and race d stributions 
in Our patients, and the extrathoracic involvement, are 
generally similar to many previously described groups 
[1-6, 8, 10]. Parenchymal disease was evident in only 
45% at the time of maximum lymphadenopathy. Within 
the limits of our retrospective review, it would seem 
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Fig. 6.—A, Calcified lymph nodes 
in hilar, right paratracheal, and sub- 
carinal regions (arrows) in patient with 
sarcoidosis. B, Lateral view showing 
extensive anterior mediastinal lymph- 
adenopathy (arrowheads). (Reprinted 
with permission from [35]) 


TABLE 1 


























Lymph Node Groups in Cases of Sarcoidosis with Intrathoracic Lymphadenopathy 

















Location No. Cases oo E am li Hepatomegaly Splenomegaly 

Aortopulmonic window, bilateral hilar, right 

E E E E E E 23 12 6 3 3 
SIMS TIO ETEESI ba%as keene 10 2 2 0 1 
Aortopulmonic window, bilateral hilar ..... 7 3 2 2 1 
Aortopulmonic window, bilateral hilar, right 

paratracheal, subcarinal ................ 6 2 1 1 1 
Anterior mediastinal, aortopulmonic 

window, bilateral hilar, right 

paratracheal, subcarinal ................ 6 2 3 0 0 
Bilateral hilar, right paratracheal .......... 3 1 1 0 0 
Anterior mediastinal, bilateral hilar, right 

a M E EE TEN ESRT 2 2 1 0 0 
Anterior mediastinal, aortopulmonic 

window, bilateral hilar, right paratracheal. 2 0 2 1 0 
ADronUlMONIe WINKGOW sceri arite 1 1 0 0 0 
Aortopulmonic window, right paratracheal. 1 0 1 0 0 
Aortopulmonic window, bilateral hilar, 

posterior mediastinal, right paratracheal, 

COE cgi cd E A tee serie sess 1 1 1 0 0 

TOURS ied cay ose EAE EL TEET 62 26 (42) 20 (32) 7 (11) 6 (10) 














Note.—Numbers in parentheses are percentages. 


untenable to conclude that we have seen a different 
population of patients. Our cases were evaluated during 
maximum lymphadenopathy. Kirks et al. [10] analyzed 
their patients similarly yet reported only hilar and para- 
tracheal lymphadenopathy. Reisner [3] reported that only 
one of 86 patients followed for 2 years or longer mani- 
fested a persistent increase in the extent of intrathoracic 
lymphadenopathy. It is unlikely that we have seen more 
extensive intrathoracic disease by analyzing maximum 
lymphatic enlargement. Finally, since there have been 
numerous references in the literature to mediastinal 
lymphadenopathy or atypical lymphadenopathy in sar- 


coidosis without further anatomic description [2-4, 7], it 
is possible that lymphadenopathy such as we described 
has been present in other studies but not specifically 
evaluated. The recent report [23] of anterior mediastinal 
lymphadenopathy in sarcoidosis as evaluated with lateral 
mediastinal tomograms would tend to support this 
impression. No other reason for our findings can be 
suggested. 

Nearly all our cases of aortopulmonic window, anterior 
mediastinal, and subcarinal lymphadenopathy were as- 
sociated with the well known bilateral hilar or bilateral 
hilar and right paratracheal lymphadenopathies. Those 
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in the hila tended to be symmetrical, as previously 
described [14, 16, 18]. Mediastinal lymphadenopathy 
was rarely markedly asymmetrical, but tended to be more 
prominent on the right. Our results indicate that the 
description of hilar and mediastinal lymphadenopathy in 
sarcoidosis may be modified as follows: bilateral hilar, 
aortopulmonic window, and right paratracheal lymph- 
adenopathy are frequently found in patients with sar- 
coidosis; subcarinal and anterior mediastinal lymphade- 
nopathy may occur in at least 20% of cases, but are 
almost always associated with nodal enlargement in the 
commen locations. If aortopulmonic window, anterior 
mediastinal, or subcarinal lymphadenopathy are seen 
within this context, then sarcoidosis should be the lead- 
ing diagnostic consideration. 
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Congenital Partial Eventration of the Left Diaphragm 


JOHN R. HESSELINK, ? KYUNG J. CHUNG,? MARY E. PETERS,’ AND ANDREW B. CRUMMY' 


Two unusual cases of congenital partial eventration of the 
left diaphragm in young infants are described. In both cases 
the entity appeared as a space occupying lesion in the left 
anterior chest and was initially thought to represent pericar- 
dial cyst. mediastinal tumor, or cardiac enlargement. The left 
lobe of the liver occupied the eventration in both cases; one 
was proven at surgery, and the other was documented with a 
radionuclide liver scan. The radiographic features of eventra- 
tion are discussed and the role of radionuclide liver scanning 
in infants with chest masses is emphasized. 


Introduction 


The evaluation of chest masses in infants can be a 
diagnostic problem. Localization of the mass within a 
compartment of the mediastinum sometimes helps to 
limit the differential diagnosis. Yet frequently the specific 
diagnosis is difficult to establish prior to surgery. When 
the lesion is adjacent to the diaphragm, the possibility of 
upward migration of abdominal viscera within an even- 
tration or hernia must be considered. 

Eventration of the diaphragm can be congenital or 
acquired. Congenital eventration is the result of incom- 
plete muscularization of the membranous diaphragm 
during fetal life, whereas the acquired form may be 
secondary to trauma, inflammation, or neoplastic inva- 
sion of the phrenic nerve. While congenital eventration 
of a complete hemidiaphragm is more common in males, 
and on the left side, partial eventration is much more 
common on the right and of equal sex distribution [1-3]. 

We report two cases of congenital partial eventration 
of the left diaphragm that closely simulated an intratho- 
racic mass. It is particularly important to recognize this 
entity, because surgery can often be delayed until the 
infant is older and, when necessary, a surgical approach 
different from the usual thoracic exploration may be 
used. 


Case Reports 
Case 1 


A 7-month-old boy was evaluated because of an upper respi- 
ratory tract infection. Chest radiography showed a large mass 
in the left anterior chest (fig. 1). This was thought to representa 
pericardial cyst, but a needle aspiration was unsuccessful. An 
esophagram and upper gastrointestinal study were normal. The 
patient underwent surgery without a preoperative diagnosis. A 
partial eventration of the left diaphragm occupied by the entire 
left lobe of liver was repaired. 


Case 2 


A 10-week-old girl with Turner's syndrome was referred to the 
University for evaluation of possible congenital heart disease. 
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She was in no acute distress, but did have a grade 2/5 systolic 
mumur at the right sternal border. Chest radiography showed 
a markedly enlarged cardiac silhouette with normal pulmonary 
vasculature (figs. 2A and 2B). Echocardiography suggested a 
complex cardiac anomaly but was inconclusive. Cardiac cathe- 
terization showed normal hemodynamics. Angiocardiography 
showed the heart displaced to the right posteriorly by a large 
mass in the left anterior hemithorax. The left upper ‘obe pul- 
morary vein drained into the vertical vein, and there was an 
anomalous right subclavian artery. Tomography demonstrated 
no evidence of calcification within the mass. 

Ar esophagram and upper gastrointestinal series shewed the 
esophagus and fundus of the stomach to be in normal position. 
A **" Tc sulfur colloid liver scan showed the left lobe of the liver 
positened in the left anterior chest to the left of the heart and 
supæior to the spleen (figs. 2C and 2D). This was interpreted as 
an eventration of the left diaphragm. Since there was no 
evidence of a constricting orifice and the patient was asympto- 
matic „surgery was postponed. 


Discussion 


During weeks 8-10 of fetal life, the membranous dia- 
phragm develops and divides the coelomic cavity into 
the pleural and peritoneal cavities; this is followed by 
ingrowth of muscles from the lateral body walls [4]. 
Premature return of the midgut to the peritonea! Cavity 
has been postulated as a cause of incomplete develop- 
ment of the diaphragm. If there is a failure of oroper 
deve apment of the membranous diaphragm, a dia- 
phragmatic hernia may occur. If there is incomplete 
muscularization of the membranous diaphragm, eventra- 
tion will result [5]. The rapidly growing liver and abdom- 
inal wscera stretch and displace any weakened segment 
of the diaphragm. Pulmonary hypoplasia can be essoci- 
ated with large eventrations but is more common with 
diaphragmatic hernias [6]. Eventrations have alsc been 
associated with deformities of the ribs, sternum, and 
vetert ral bodies [7]. 

The anteromedial aspect of the right diaphragm is the 
most common site of partial eventration, and the liver 
almost always occupies the eventrated segment in this 
area [2, 3]. A few cases of bilateral eventration have been 
reported; the liver usually has a high position in these 
cases [8, 9]. Our cases demonstrate that the liver can 
occupy left side eventrations as well. The formation of 
eventrations relatively early in fetal life probably ac- 
counts for the ability of the left lobe of the liver to 
migrat to a position to the left of the heart. 

It is well recognized that partial eventrations on the 
right side are rarely symptomatic and do not require 
Surgery unless they are very large [3], but there has been 
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Fig. 1.—Case 1. Anteroposterior 
(A) and lateral (B) views showing 
mass in left chest representing en- 
tire left lobe of liver within partial 
eventration of left diaphragm. Even- 
trated segment displaces heart to 
right. Stomach has high transverse 
position and abdominal liver shadow 
is small. 


Fig. 2.—Case 2. A and B, Antero- 
posterior and lateral views show- 
ing large mass in left chest displac- 
ing heart to right. Appearance is 
similar to case 1. C and D, Antero- 
posterior and left lateral views of 
combination °%™Tc sulfur colloid 
liver-spleen scan and °™Tc pertech- 
netate transmission scan. Left lobe 
of liver is in abnormally high posi- 
tion above spleen (single arrow) and 
left of heart. Double arrows indicate 
normal level of diaphragm. 
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much less experience with lesions on the left. Both of 
our patients were asymptomatic. 

Characteristically, an eventration is seen on the chest 
film as a homogeneous, smoothly marginated, soft tissue 
mass which is continuous with the diaphragm (figs. 1 
and 2). The mass has a relatively broad base and, when 
sufficiently large, can silhouette adjacent mediastinal 
structures. With large eventrations, a frequently key 
observation on plain chest film is a diminished abdomi- 
nal liver shadow and a high transverse position of the 
stomach, suggesting an abnormal position of the liver. 

There have been a few case reports illustrating the 
value of the liver scan in diagnosing partial eventrations 
(10, 11]. The liver scan was the only definitive test in case 
2 (figs. 2C and 2D). It clearly demonstrated the left lobe 
of the liver situated in the left anterior chest, correspond- 
ing to the mass on the chest film. By combining the liver 
scan with a transmission scan, the anatomic relation- 
ships of the liver with the spleen, lungs, and cardiac 
silhouette may be determined. 

The differential diagnosis of mass lesions in the region 
of the left diaphragm includes diaphragmatic hernia, 
pericardial cyst, paraesophageal hernia, hiatus hernia, 
bronchogenic cyst, teratoma, and cardiac sarcoma. The 
workup of these lesions should include routine chest 
radiography followed by a barium esophagram and gas- 
trointestinal series, and echocardiography. If the diag- 
nosis is still in doubt and the mass cannot be separated 
from the diaphragm on the chest film, a liver scan should 
be done. It is simple to perform and gives minimal 
radiation to the patient, It will not only document the 


eventration, but will also exclude a liver cyst or tumor 
protruding superiorly into the chest. 
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Gastric Emphysema in Infants with Hypertrophic Pyloric Stenosis 


PATRICK D. LESTER,’ ARTHUR F. BUDGE,? JOHN C. BARNES ? AND DONALD R. KIRKS? 


Gastric emphysema is unusual in infants and children. Air 
in the wall of the stomach can rarely occur in children with 
gastric outlet obstruction due to hypertrophic pyloric stenosis. 
The clinical features and radiographic appearance of this 
association are described in three infants, and the value of 
the lateral radiograph is illustrated. The differential diagnostic 
considerations, importance of correct radiologic diagnosis 
and results of proper therapy are discussed. 


Extraluminal collections of gastrointestinal air have re- 
ceived increased attention in recent years. The presence 
of gas in the bowel wall on radiographs of infants is 
viewed with justified alarm. Although it may indicate a 
potentially lethal disease such as necrotizing enterocoli- 
tis, gas in the wall of the stomach may also occur in 
gastric outlet obstruction. This type of gastric emphy- 
sema has a characteristic radiographic appearance. We 
describe three patients with gastric emphysema due to 
hypertrophic pyloric stenosis. 


Case Reports 


Case 1 


K. P., a 3-month-old male, was admitted because of 3 days of 
severe vomiting. There was no history of prematurity or abnor- 


mal əvelopment. Physical examination revealed a healthy in- 
fant with abdominal distention but no palpable pyloric mass. 
Como'ete blood count, electrolytes, and urinalysis were normal. 

Abdominal and chest radiographs showed gas in the wall of 
the stomach (fig. 1). An upper gastrointestinal examination 
conf rmed the diagnosis of hypertrophic pyloric stenosis. 

After 12 hr of gastric decompression and intravenous fluid 
therapy, a pyloromyotomy was performed. At surgery, some 
thickening of the gastric wall was noted. The stomach was not 
creprant. The patient was discharged 3 days after surgery and 
remains asymptomatic. 


Case 2 


S. =, a 3-week-old female, was admitted because of a 24 hr 
history of vomiting. Past history and development were normal. 
Physical examination revealed a healthy female with miid dehy- 
draticn and no palpable pyloric mass. Laboratory values were 
consistent with mild dehydration. 

Abceminal and chest radiographs showed gastric emphy- 
sema (figs. 2A and 2B). An upper gastrointestinal examination 
demonstrated complete gastric outlet obstruction due to pyloric 
Stenosis and air within the thickened wall of the stomach (fig. 
2C). 

After 16 hr of intravenous fluids and tube gastric decompres- 
sion, -adiographs revealed no residual gastric emphysema. A 
pyloromyotomy was performed. The wall of the stomach ap- 





Fig. 1.— Case 1. A, Anteroposterior supine abdominal film showing thin kaio of gas (arrows) in wall of distended stomach. B 
Lateral erect chest radiograph showing gastric emphysema (arrows). Note air-fluid level in distended esophagus due to gastric 


outlet obstruction. 
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Fig. 2.— Case 2. A, Anteroposterior supine chest film demonstrating 
questionable linear lucency (arrow) in wall of fundus of stomach. B, 
Lateral chest film showing curvilinear gas lucencies (arrows) in gastric 
wall. C, Upper gastrointestinal series showing linear collections of gas 
(arrows) in thickened wall of stomach. Fluoroscopy demonstrated com- 
plete gastric outlet obstruction due to pyloric stenosis. 


peared slightly thickened, but there was no crepitus. The patient 
was discharged 4 days after surgery and remains asymptomatic. 


Case 3 


J. R., a 4-week-old male, was admitted because of a 4-day 
history of vomiting. Birth and development had been normal. 
Physical examination revealed a thin male with moderate dehy- 
dration. A definite pyloric mass was palpated. Laboratory values 
were consistent with a moderate metabolic alkalosis secondary 
to dehydration. A chest radiograph, obtained because of possi- 
ble pneumonia, showed gas in the wall of the stomach (fig. 3). 

After 20 hr of intravenous fluids and tube gastric decompres- 
sion, a pyloromyotomy was performed. The stomach was nor- 
mal by inspection and palpation. Feedings were started 4 hr 
after surgery. The patient was discharged 3 days after surgery 
and remains asymptomatic. 


Discussion 


These three patients were well developed, previously 
healthy infants who were initially evaluated because of 
the sudden onset of severe vomiting. Hypertrophic py- 


loric stenosis was the primary clinical diagnosis in all 
three patients. One patient (case 3) had radiographic 
examination of the chest only because of possible asso- 
ciated pneumonia. Abdominal radiographs were ob- 
tained in the other two patients because of the paucity of 
physical findings. The diagnosis of pyloric stenosis was 
subsequently confirmed by upper gastrointestinal series 
in these two patients. Surgical treatment was simple 
pyloromyotomy in all three patients. The gastric wall 
appeared somewhat thickened at surgery in two patients. 
Direct inspection was otherwise typical for pyloric ste- 
nosis. None of the patients had crepitus of the stomach 
at surgery. All patients remain asymptomatic following 
surgery. 

The radiologic appearance of gastric emphysema in 
these patients is similar (figs. 1-3). A thin linear lucency 
within the wall of the stomach produces a “halo” of gas 
about the distended stomach. The gastric emphysema, 
like pneumatosis intestinalis or hepatic portal vein gas 
(1, 2], may be much more apparent on the lateral radio- 
graph (figs. 2B and 3B). This gas does not move with a 
change in position. The pneumatosis and distention are 
both limited to the stomach. 

There are numerous conditions in children which may 
be associated with gas in the bowel wall [3-6]. Some of 
these conditions include obstruction (imperforate anus, 
meconium ileus, Hirschsprung’s disease), carbohydrate 
intolerance, inflammation, ischemia (necrotizing entero- 
colitis, intussusception, volvulus, vascular thrombosis), 
iatrogenic causes (instrumentation, ventilation, ste- 
roids), and collagen disease (with or without steroid 
therapy). Most of these will have gas in several portions 
of the gastrointestinal tract. Gas localized to the wall of 
the stomach suggests infection, instrumentation, or ob- 
struction. Emphysematous gastritis usually produces 
bubbly clusters of gas [3]. Linear gas collections limited 
to the wall of the stomach in infants should suggest 
gastric outlet obstruction. Reported types of gastric 
obstruction with associated gas in the stomach wall in 
children have included duodenal stenosis [7] and hyper- 
trophic pyloric stenosis [8, 9]. The specific etiology may 
be confirmed by contrast examination of the stomach. 

Necrotizing enterocolitis is the most feared cause of 
intramural intestinal gas accumulation in infants. This is 
a disease of unknown etiology which usually occurs in 
premature and/or debilitated neonates. Since our three 
patients were previously healthy until the sudden onset 
of vomiting, necrotizing enterocolitis was not a clinical 
consideration. Although the stomach may be involved in 
necrotizing enterocolitis [1, 5], it has been associated 
with pneumatosis of the small bowel or colon. 

These three cases support the “mechanical theory” 
rather than the “bacterial theory’ for the entry of gas 
into the bowel wall [10]. The complete or partial obstruc- 
tion by pyloric stenosis presumably increases gastric 
intraluminal pressure with peristalsis, so that gas is 
forced through intact mucosa or small mucosal rents 
into the bowel wall. Rapid resolution of the gastric 
emphysema occurs after surgery. 
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Fig. 3.— Case 3. A, Anteroposterior supine chest film showing quest-onable lucency (arrow) in wall of fundus of stomach. B, 
Supine cross-table lateral chest radiograph demonstrating curvilinear Fito of gas in body (open arrows) and antrum (arrows) of 
stomach. 


REFERENCES 


. Bell RS, Graham CB, Stevenson JK: Roentgenologic and 
clinica! manifestations of neonatal necrotizing enterocoli- 
tis: Experience with 43 cases. Am J Roentgenol 112: 123- 
134, 1971 

. Kirks DR, O'Bryne SA: The value of the lateral abdominal 
roentgenogram in the diagnosis of neonatal hepatic portal 
vein gas (HPVG). Am J Roentgenol 122: 153-158, 1974 

. Nelson SW: Extraluminal gas collections due to disease of 
the gastrointestinal tract. Am J Roentgenol 115:225-248, 
1972 

. Olmsted WW, Madewell JE: Pneumatosis cystoides intes- 
tinalis: a pathophysiologic explanation of the roentgeno- 
graphic signs. Gastrointest Radiol 1:177-181, 1976 


10. 


. Ssaman WB, Fleming RJ: Intramural gastric emphysema. 


At J Roentgenol 101 :431-436, 1967 


. L SB, Kuhn JP: Pneumatosis intestinalis following pneu- 


momediastinum in a newborn infant. J Pediatr 79 :813-815, 
1971 


. Gupta A: Interstitial gastric emphysema in a child with 


duodenal! stenosis. Br J Radiol 50:222-224, 1977 


. Steanon OA: Pneumatosis intestinalis in the newborn. Am 


J Dis Child 81 :651-663, 1951 


. Astley R: Less common disease patterns in the gastrointes- 


tiaal tract with a special note on meconium ileus. Curr 
Caacepts Pediatr Radiol 1:48-58, 1977 

Ecker J, Williams R, Clay K: Pneumatosis cystoides intestin- 
ales— bullous emphysema of the intestine. A review of the 
literature. Am J Gastroenterol 56: 125-136, 1971 


Systemic Air Embolism Secondary to Respiratory Therapy in the 
Neonate: Six Cases Including One Survivor 


MARVIN S. KOGUTT' 


Systemic air embolism has been described as a complica- 
tion of respiratory therapy using positive pressure ventilation. 
This is wsually a dire, if not fatal occurrence. The incidence of 
this severe complication will likely increase with the advent of 
more vigorous and aggressive respiratory therapy of the 
respiratory distress syndrome in neonates. It is important for 
both the clinician and the radiologist to be aware of this entity, 
its etiology, and its probable increasing frequency. This paper 
reports six cases of systemic air embolism, including one 
patient who revealed no clinical symptomatology, and in 
whom the diagnosis was made by radiographic findings only. 
This is the largest series yet reported and includes, to my 
knowledge, the first reported neonate to survive this compli- 
cation. 


Respiratory therapy using positive pressure ventilation 
has become commonplace in the treatment of the respi- 
ratory distress syndrome in neonates. The advent of this 
more aggressive therapeutic approach has brought 
about an increased infant survival rate from the primary 
disease; however, complications resulting from air enter- 
ing the extrapulmonary spaces have become more fre- 
quent. Pneumomediastinum, pneumothorax, and pul- 
monary interstitial emphysema are rather frequent com- 
plications. Their spectrum may range from the mild and 
self-limited to the massive and fatal. The entrance of air 
into the intravascular space resulting in systemic air 
embolism is a catastrophic complication of positive pres- 
sure ventilation. 

Six cases of systemic air embolism are presented, the 
largest series reported to date. In one case, the diagnosis 
was not suspected and was only noted radiographically 
after the episode. To my knowledge, this is the first re- 
ported patient to survive this usually fatal complication 
in neonates. 


Case Reports 
Case 1 


G. B., a 1,190 g white female, was born after a 27 week 
gestational period. The infant had respiratory distress and 
required oxygen from birth. During the next several hours, the 
respiratory distress progressed and the infant was placed on a 
Bourne’s ventilator. The peak pressure was 90 cm of water and 
the end-expiratory pressure was 10 cm of water. Severe cy- 
anosis was noted 2 hr later and auscultation of the chest 
revealed “crunching” on respiration. Air was noted in the 
anterior chamber of the eye. Chest radiography revealed pul- 
monary nterstitial emphysema and systemic vascular air embo- 
lism (fig. 1). The infant expired shortly thereafter. Autopsy 
revealed moderate pulmonary atelectasis with hyaline mem- 
brane formation and intraalveolar hemorrhage. No evidence of 
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pulmonary venous fistulae or intravascular ar was demon- 
strated. 


Case 2 


G.C., a 1,500 g white female, was born via cesarean section 
because of maternal bleeding at 30 weeks of gestétion. The 
infant had no spontaneous respirations and required mechani- 
cal ventilation via endotracheal tube. Initial chest radiography 
revealed the pattern of hyaline membrane disease. A right 
pneumothorax occurred and was reduced by means oʻ a pleural 
catheter. The infant remained stable until 26 hr of age, when 
she became markedly cyanotic and exhibited signs of vascular 
collapse. Chest radiography revealed systemic air 2mbolism 
with marked amounts of air within the cardiac chambers and 
systemic vasculature (fig. 2). Attempts at resuscitation were 
unsuccessful and the infant expired. Patholocic findings re- 
vealed intracranial hemorrhage, severe hyaline membrane dis- 
ease, and moderate pulmonary interstitial emphysema. No air 
was noted within the vascular system. 


Case.3 


B. D., a 880 g white male, was the product of a 25 week 
gestation requiring cesarean section for prolonged rupture of 
membranes. The infant required immediate intubation and was 
placed on the Bourne's ventilator which required end-expiratory 
pressures of 40 cm of water. At 10 hr of age, tne infant 
underwent marked deterioration, and chest radiography re- 
vealed severe interstitial emphysema, subcutaneous emphy- 
sema, and systemic vascular air embolism (fig. 3). The patient 
expired at 11 hr of age. No autopsy was performed. 


Case 4 


L. K., a 1,300 g white male, was born after 28 weeks of 
gestation. The infant experienced respiratory distress shortly 
after Dirth. An endotracheal tube was inserted and the patient 
was placed on a Bird ventilator with the peak pressure at 30 cm 
of water with an end-expiratory pressure of 7 cm of water. One 
day after birth, chest radiography demonstrated a small left 
pneumothorax and a left pleural catheter was inserted. Over the 
next 3 nr, the infant required increased respirator pressures and 
exhibited increased cyanosis. An attempt to withdraw blood 
from the left radial artery produced large amounts of air within 
the syringe. Repeat chest radiography revealed a large pneu- 
mopericardium and intravascular air (fig. 4). The infant expired 
shortiy thereafter. Autopsy revealed areas of variable atelectasis 
in both lungs with focal hemorrhage and findings of hyaline 
membrane disease. No evidence of bronchovenous fistulae was 
demonstrated. 


Case 5 


R. N., a 1,860 g white male, was the second twin born after 34 
weeks of gestation. He exhibited grunting and cyanosis at birth, 
requiring intubation and mechanical ventilation. Initial radiog- 
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Fig. 1.—Case 1. Chest film showing air within hepatic veins 
(curved arrow) and peripheral arteries (solid arrows). Note marked 
pulmonary interstitial emphysema (open arrow). 


raphy revealed the pattern of hyaline membrane disease. Venti- 
lator peak pressure was 28 cm of water with an end-expiratory 
pressure of 6 cm of water. The infant remained stable until 18 hr 
of age, when he exhibited marked decrease in heart rate, 
increased cyanosis, and findings of decreased peripheral per- 
fusion. Chest radiography revealed systemic vascular air embo- 
lism with air within the cardiac chambers, great vessels, and 
peripheral vasculature (fig. 5). Resuscitation attempts were 
unsuccessful and the infant expired. No autopsy was per- 
formed. 


Case 6 


B. H., a 1,100 g black male, was born via cesarean section 
after spontaneous rupture of the membranes after a 31 week 
gestational period. The infant showed symptoms of respiratory 
distress which did not respond to oxygen, and he was placed 
on a respirator via an endotracheal tube with a peak pressure of 
20 cm of water and an end-expiratory pressure of 6 cm of water. 
Chest radiography revealed a small pneumomediastinum and a 
small collection of extrapulmonary air at the right lung base 
(fig. 6A). The patient remained stable, and chest radiography 
the next morning for “routine follow-up of pneumomedias- 
tinum” showed a collection of extrapulmonary air in the left 
hemithorax, pulmonary interstitial emphysema, and intravascu- 
lar air within the left jugular and right brachial/axillary veins 
(fig. 6B). No intravenous fluids were being given during this 
time, and no acute symptoms or changes in condition were 
noted prior to or during the time the chest film was exposed. 
The infant was removed from the ventilator and continued to do 
well. Sequential chest radiography demonstrated no evidence 
of intravascular or extrapulmonary air. The infant was subse- 
quently discharged with no evidence of pulmonary or neuro- 
logic sequelae. 





Fig. 2.—Case 2. Chest film prior to death showing air in heart 
(white arrow), axillary arteries (solid arrow), and jugular veins 
(open arrow). 


Discussion 


The use of positive pressure ventilation in the treat- 
ment of the respiratory distress syndrome of infancy has 
become an important therapeutic method in increasing 
the survival of these patients. However, the more aggres- 
sive use of respiratory therapy has itself resulted in a 
different and sometimes severe spectrum of complica- 
tions. The high end-expiratory pressures often required 
to maintain adequate systemic oxygenation may result in 
air escaping into the extraalveolar spaces. The underly- 
ing abnormality has been demonstrated to result from 
alveolar rupture with dissection of air through the pul- 
monary parenchyma causing pulmonary interstitial em- 
physema [1-3]. The air may then dissect through the 
various tissue planes and along the perivascular sheaths 
to enter any of the extrapulmonary spaces. This may 
result in pneumomediastinum, pneumothorax, pneumo- 
peritoneum, subcutaneous emphysema, pneumoperi- 
cardium, or systemic vascular air embolism [4, 5]. 

The occurrence of systemic vascular air embolism 
secondary to positive pressure ventilation is a well rec- 
ognized entity [3, 6-10]. Although the exact mechanism 
of this phenomenon is unproven, several theories have 
been proposed. The entrance of air into the vascular 
space most likely results from either the formation of 
alveolocapillary or bronchovenous fistulae after alveolar 
rupture [11-13]. This phenomenon has been demon- 
strated to occur when the intraalveolar pressure exceeds 
that of the left atrial/ pulmonary venous pressure, caus- 
ing reversal of the normal alveolar/vascular pressure 
gradient [11, 12]. When this occurs, escape of air from 
the alveoli into the vascular space is possible. Air then 
travels through the pulmonary veins directly to the left 
cardiac chambers and then into the systemic arterial cir- 
culation. It has been noted that air is virtually always 
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ig. 3.—Case 3. A, Anteroposterior chest film showing subcutaneous əm »hysema (open arrow), pulmonary interstitial 
emphysema, intracardiac air (asterisk), air in peripheral arteries and veins (curved arrow), and air in hepatic veins (arrowheaa). 
B. Lateral chest film showing air in cardiac chambers (white arrow), inferior vena cava (open arrow), and brachiocephalic 


arteries (curved arrow). 





Fig. 4.—Case 4. Chest film showing pneumopericardium 
(open arrow) and intravascular air in axillary artery (solid arrow) 
and hepatic veins. Small pneumomediastinum also present. 


present in both the arterial and venous circulations 
simultaneously [9, 10], as in the majority of our cases. 
Passage of the small gas bubbles through the capillary 
bed has been suggested as the mechanism of entrance 
into the venous system [12]. Autopsy studies have con- 
sistently failed to demonstrate the actual site of com- 
munication between the tracheobronchial tree and the 
vascular space [8, 9], as in our cases. 


The eccurrence of systemic air embolism is not limited 
to patients who are being treated with positive pressure 
ventilation. It has been described following surgical 
procedures [11], trauma [12], in submarine personnel 
[14]. anc in asthmatics [15]. 

It has Deen suggested that the varying distribution of 
the intravascular air is related to a differential buoyancy 
effect [11, 13], with clinical symptoms being related to 
the local zation of the gas within the organs in question. 
The erect position is said to cause predominance of 
neural symptoms, whereas the Trendelenburg position 
causes collection of air within the coronary arteries with 
cardiac-symptoms predominating [13]. 

In the neonate, this differentiation of clinical symptoms 
does not usually become evident. This is likely the result 
of two factors: (1) the relative amount of air entering the 
vascular space in these infants tends to be quite large 
compared to the vascular space itself, and (2) the small 
size of the infant's vascular space results in almost 
immediate widespread distribution of the air to the var- 
ious organ systems. 

This ccmplication is virtually always a fatal one, with 
air being noted on radiographs made immediately prior 
to or folicwing the patient's demise [3, 6, 8, 9]. Obta ning 
immediate postmortem films in order to more accurately 
diagnose this condition has been advocated [8, 10]. 
However, these should be interpreted with caution since 
rapid postmortem accumulation of gas is a constant 
physiolagic occurrence and may result in inaccurate 
evaluation [16]. 

The rad ographic diagnosis is made by visualization of 
air within the systemic vascular circulation. Air may be 
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Fig. 5.—Case 5. A, Anteroposterior chest film prior to death showing air within heart (open arrow) and axillary artery (solid 
arrow). B, Lateral chest film showing air in right ventricle (asterisk), aorta, and brachiocephalic vessels (arrows). 
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Fig. 6.—Case 6. A, Chest film showing pneumomediastinum (arrows) and small basilar pneumothorax (arrowhead). 
Endotracheal tube is in place. B, Chest film 1 day later showing cystic collection of extrapulmonary air left hemithorax 
(asterisk). Note intravascular air in left jugular (solid arrow) and right brachial/axillary vein (open arrow). 


present within the cardiac chambers, hepatic veins, 
great vessels, peripheral vasculature, or pericardium. Air 
is most frequently noted within the heart and hepatic 
veins on the same film [8-10]. 

Our case 6 is unique in several respects: (1) the 
diagnosis was made only in retrospect: (2) at no time did 
the patient exhibit cerebral, cardiac, or other evidence 
of acute distress; and (3) this is the first reported neonate 
to survive the entity. The presence of air in both the right 
Subclavian and left internal jugular vein, plus the fact 
that the intravenous fluid administration had been dis- 
continued for over 12 hr prior to radiography, excludes 
the possibility of accidental intravenous air injection. 
The presence of air only in the venous system at the time 
of the examination is most likely a function of the time 
sequence involved. Since the film was exposed for ‘“‘rou- 
tine follow-up evaluation of a pneumomediastinum.” it is 
most probable that the air had already entered and 


dissipated from the arterial side of the circulation and 
was in the process of being absorbed from the venous 
system. The lack of clinical signs demonstrates that this 
entity may be present even more frequently than is 
recognized, and that asymptomatic or subclinical cases 
may occur. 

Unfortunately the diagnosis of systemic air embolism 
in the neonate is usually determined radiographically 
after the infant has exhibited severe clinical deteriora- 
tion, most commonly vascular collapse and decompen- 
Sation. It is important for both the radiologist and clini- 
cian to be aware of this complication of positive pressure 
ventilation. With the widespread acceptance of positive 
pressure ventilation as a part of therapy for the respira- 
tory distress syndrome of infancy, it is likely that this 
severe complication will become more and more fre- 
quent. Pulmonary interstitial emphysema secondary to 
alveolar rupture is usually a preceding event. The radio- 
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graphic finding of air within the systemic arterial and 
venous circulation confirms the diagnosis. Our case 6 
demonstrates that this condition is not universally fatal, 
and, in fact, clinical signs or sequelae need not be 
evident in every instance. 
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Angiographic Demonstration of Complications Resulting from the 
Waterston Procedure 


DAVID C. LEVIN,’ KENNETH E. FELLOWS ,? AND THOMAS A. SOS? 


The ascending aorta-right pulmonary artery anastomosis, 
originally introduced by Waterston as a palliative shunt to 
increase pulmonary blood flow in certain cyanotic congenital 
heart diseases, has been found to be associated with late 
complications in a significant number of cases. These compli- 
cations include preferential distribution of most or all shunt 
flow to the right lung, narrowing or obstruction of the right 
pulmonary artery at the anastomotic site, increasing stenosis 
or atresia of the right ventricular outflow tract, hypoplasia of 
the left pulmonary artery, and obstruction of the shunt itself. A 
properly planned angiocardiographic study is the principal 
method of detection of these complications. 


In 1962, Waterston [1] first described the side-to-side 
ascending aorta-right pulmonary artery anastomosis, a 
palliative shunt procedure designed to increase blood 
flow to tne lungs in infants and children with certain 
cyanotic congenital heart diseases characterized by di- 
minished pulmonary flow, such as tetralogy of Fallot, 
pulmonary atresia with intact ventricular septum, tricus- 
pid atresia, and others. The operation was later intro- 
duced in the United States by Cooley and Hallman [2] 
and soon became popular because of certain technical 
advantages over the earlier Blalock-Taussig [3] and Potts 
[4] shunts. In recent years, however, enthusiasm for the 
Waterston procedure has waned, largely because of data 
showing mortality rates ranging from 11%-40% when 
patients who have had this palliative shunt later undergo 
complete surgical correction of their primary lesions 
[5-8]. Many deaths have been related to anatomic and 
hemodynamic abnormalities within the right ventricular 
outflow tract and pulmonary arterial tree which adversely 
affect pulmonary blood flow and which seem to be direct 
consequences of the Waterston shunt itself. Although 
detection of most such lesions depends primarily on 
angiography, they have not been previously discussed in 
the radiology literature. 


Subjects and Methods 


To examine angiographically demonstrable right ventricular 
outflow tract and pulmonary arterial abnormalities, we reviewed 
all available post-Waterston shunt angiocardiograms performed 
at three institutions. A total of 32 were selected for this report 
(New York Hospital, five cases; Downstate Medical Center of 
Brooklyn, seven cases; and Children's Hospital Medical Center, 
Boston, 20 cases) on the basis of optimal delineation of the 
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right ventricular outflow tract and pulmonary artery anatomy on 
botn pre- and postoperative angiocardiograms. Twelve ef these 
cases were studied exclusively with serial filming, eight with 
both serial and cine filming, and 12 exclusively with cine 
filming All studies utilized simultaneous biplane imaging. In all 
cases tne Waterston shunt was visualized by contrast injections 
into tae left ventricle or ascending aorta or both. In all cases 
excep one with tricuspid atresia, the outflow tract was visual- 
ized by contrast injections into the right ventricle. In 24 cases, 
contrest injections were made into the main pulmonary artery; 
in the remaining patients in whom this was not carried out, 
pulmonary arterial tree visualization was considered adequate 
on tne night ventriculogram. 

Patents ranged in age from 3-16 years and had undergone 
their Siunt operations from 6 weeks-12 years prior to restudy. 
Review of the patients’ charts sometimes failed to reveal the 
exact nmdications for restudy, but it appeared that in approxi- 
mately two-thirds of the cases catheterization and angiocar- 
diogranny were performed in preparation for complete correc- 
tive surgery, while in the remaining cases the studies were 
performed because of clinical deterioration, menifested by 
increasing cyanosis or congestive heart failure. 


Findings 


Five mportant angiographically demonstrable ebnor- 
malities were found in this group of patients. 

Preterential distribution of most or all shunt flow *o the 
right ling. Figure 1 shows the angiographic appearance 
of a properly constructed Waterston shunt. Flow through 
the shunt is equally distributed to both lungs; there is 
only sight narrowing of the right pulmonary artery n the 
regior of the anastomosis. However, in 19 cases. con- 
trast Mmiections into the left ventricle (four cases) or 
ascending aorta (15 cases) revealed that most or al! flow 
throuch the shunt passed to the right lung (figs. 2-5). 

Narrawing or obstruction of the right pulmonary artery 
at the anastomotic site. In 20 of our cases, significant 
narrowing (14 cases) or total obstruction (six cases) of 
this amery were demonstrated at the site of anastomosis. 
Figures 3 and 4 show significant right pulmonary ertery 
narrowing, while figure 5 is an example of totél obstruc- 
tion. 

Increasing stenosis or acquired atresia of the right 
ventricwar outflow tract. Three patients in the group of 
32 had congenital pulmonary atresia. Of the remaining 
29, sewen had angiographic evidence of increased out- 
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Fig. 1.—Thoracic aortogram in patient with well constructed Waterston shunt. (A), Contrast passes from ascending aorta through shunt and fills 
both pulmonary arteries symmetrically. B, Later film demonstrates only slight right pulmonary artery narrowing in anastomotic area adjacent to 
posterior aspect of ascending aorta. 
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Fig. 2.— Tetralogy of Fallot with right aortic arch and Waterston shunt. A, Ascending aortogram showing shunt flow passing entirely to right lung. B, 
Right ventriculogram. Main and left pulmonary arteries fill via antegrade flow through pulmonic valve. Aorta fills via right-to-left shunt through 
ventricular septal defect; right pulmonary artery fills via Waterston anastomosis. Anastomatic area of right pulmonary artery is faintly visualized through 
overlying contrast in aorta; it does not appear narrowed, even though flow through Waterston shunt is directed entirely to right lung. Flow pattern 
would not have been recognized without ascending aortogram. 


flow tract obstruction on the postoperative study com- Discussion 
pared to the preoperative study (fig. 3). i 
Acquired hypoplasia of the left pulmonary artery. In six Although the complications noted have been tabulated 
patients, the postoperative study demonstrated acquired separately, they are in many cases closely interrelated 
hypoplasia of this artery and its branches (figs. 3-5). from a functional point of view. Preferential distribution 
Shunt obstruction. Spontaneous closure of the Water- of shunt flow to the right lung may lead to the develop- 


ston shunt was seen in only one patient in our series. ment of unilateral right sided pulmonary edema or pul- 
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monary hypertension [9, 10]. Other investigators have 
also noted both clinical [7, 9] and experimental [11] 
evidence of this flow pattern following construction of 
aorta-right pulmonary artery anastomoses. We have not 
specifically addressed the problems of unilateral pulmo- 
nary edema or pulmonary hypertension since their detec- 
tion is not primarily by angiocardiography. 

Narrowing or obstruction of the right pulmonary artery 
at the anastomotic site after Waterston shunts was found 
in 46% of cases by Reitman et al. [10], in 83% by Gay and 
Ebert [5], anc virtually all cases reported by Tay et al. [7]. 
This complication seems to result from placement of the 
anastomosis too far toward the lateral aspect of the 
ascending aorta [12]. This necessitates pulling or 
stretching the right pulmonary artery anteriorly to reach 


Fig. 3.—Right ventriculogram in patient with tetralogy of Fallot and Waterston shunt. A, 
Severe narrowing of right ventricular infundibulum and atresia at level of pulmonic valve 
(arrow). Pulmonary arteries fill via flow through Waterston shunt from ascending aorta. 
Most flow passes to right lung. Note localized constriction of right pulmonary artery 
(arrowhead) in area of anastomosis. B, Moderately hypoplastic left pulmonary artery. C, 
Lateral view confirming atresia outflow tract (arrow). Opacified tubular structure just above 
atresia is proximal portion of right coronary artery starting to fill with contrast. Preshunt 
angiocardiogram performec some years earlier had shown outflow tract to be narrowed 
but not totally occluded. 


the aorta. This can be avoided to at least some degree by 
placing the anastomosis as far posteriorly on the aorta 
as possible. This lesion is an important consideration at 
the time of total correction. If the right pulmonary artery 
is significantly narrowed or deformed, it will generally 
have to be reconstructed, either with a pericardial or 
synthetic patch [5, 10], whereas if no narrowing is 
present, a simple transaortic closure of the anastomcsis 
can be performed. Although in most cases right pul- 
monary artery narrowing at the site of the anastomosis is 
the principal cause of redistribution of shunt flow to the 
right lung, these two complications are not invariably 
associated. In some instances in our series, flow passed 
symmetrically to both lungs even though the right pul- 
monary artery appeared narrowed angiographically, 
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while in others shunt flow passed primarily to the right 
lung even though the right pulmonary artery anastomotic 
site was of normal caliber angiographically (fig. 2). 
Increasing stenosis or acquired atresia of the right 
ventricular outflow tract can develop after any of the 
palliative systemic-to-pulmonary shunts and has been 
noted by others [7, 13-15]. In some series, it occurred in 
as many as 80% of cases [7, 15]. This complication may 
be related to a decrease in blood flow which removes the 
mechanical stimulus to progressive growth and leads 
instead to contraction or anatomic obliteration of the 
infundibular channel or pulmonary valve annulus. Blood 
in the right ventricle seeks the path of least resistance to 
the pulmonary artery tree. In tetralogy of Fallot patients 
with Waterston shunts, this path is via the ventricular 


Fig. 4.—Tetralogy of Fallot with Waterston shunt. A, Left ventricular 
injection showing most of flow through ascending aorta-right pulmonary 
artery anastomosis passing to right lung. B, Right atrial injection showing 
severe right ventricular infundibular narrowing (arrow). Main pulmonary 
artery is better opacified on this injection than on left ventricular injection 
indicating patent right ventricular outflow tract despite severe narrowing. 
C, Main pulmonary arterial injection showing significant narrowing of 
right artery at anastomosis (arrowhead).Peripheral branches of left pul- 
monary artery are diffusely hypoplastic. 


septal defect to the ascending aorta and then through 
the shunt, thus bypassing the stenotic right ventricular 
outflow tract. It should be noted, however, that progres- 
sive narrowing of this outflow tract has been detected in 
some untreated patients with tetralogy of Fallot [16, 17] 
and thus can be considered part of the natural history of 
the disease in those cases. For this reason it is not clear, 
in any given tetralogy patient, whether increased outflow 
tract obstruction has developed spontaneously or is a 
sequel of the Waterston shunt. The shunt operation 
appears to at least have the potential to contribute to 
right ventricular outflow tract obliteration [7, 13, 14], 
although there is no firm evidence. Regardless of 
whether this is considered an iatrogenic or naturally 
occurring complication, increasing stenosis or acquired 
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Fig. 5.—Tricuspid atresia. A, Right 
atrial injection prior to Waterston op- 
eration showing atretic tricuspid valve 
(arrow), flow of contrast through atrial 
septal defect with complete opacifica- 
tion of left atrium, and early filling of 
left ventricle and aorta. B, Later film 
showing large main and left pulmo- 
nary artery filled via left-to-right shunt 
through ventricular septal defect. C, 
Left ventriculogram 4 years after Wa- 
terston shunt showing all shunt flow 
passing to right lung. Note abrupt cut- 
off (arrowhead) of right pulmonary ar- 
tery just proximal to anastomosis, 
suggesting complete obstruction at 
this point. D , Catheter passed through 
atrial septal defect and left atrium and 
into wedgec position in left lower lobe 
pulmonary vein. Pulmonary venous 
wedge angiogram (12 ml contrast in- 
jected at 4 nl/sec) shows retrograde 
filling of hypoplastic left pulmonary 
artery (arrow). 


atresia of the outflow tract is an important consequence 
which must be carefully examined. 

Acquired hypoplasia of the left pulmonary artery would 
appear to be a direct result of the three complications 
discussec. |f the patient has progressive obstruction of 
the right ventricular outflow tract, antegrade flow from 
the right ventricle to the main and left pulmonary artery 
diminishes. If, in addition, all blood flow through the 
Waterston shunt passes only to the right lung, the left 
pulmonary artery receives insufficient inflow of blood 
from any source to stimulate growth and development. 
Hypoplasia of this vessel and its peripheral branches 
therefore develops. Barbosa et al. [6] and Tay et al. [7] 
suggested that this is a major contributing factor to the 
high mortality rates associated with complete correction 
of tetralogy of Fallot after palliative Waterston shunts. 
Barbosa et al. [6] recommended that all patients having 
these shunts undergo follow-up catheterization and an- 
giocardiography soon after shunt surgery is performed. 
lf inadequate perfusion of the left pulmonary artery is 
demonstrated, the patient should undergo either early 
totat correction or the construction of a left subclavian- 
pulmonary artery shunt to increase flow to the left 
pulmonary arterial tree and thereby stimulate its growth. 
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Shunt obstruction was a rare occurrence in our series; 
others have reported a comparably low incidence of this 
complication [6, 18]. 

Because of the frequency of the complications dis- 
cussed the Waterston shunt is performed less often now 
[19] than during the first decade following its descrip- 
tion. Where possible, complete surgical correction is 
now recommended as the primary operation, even in 
infants [7, 8, 20]. This may not always be possible, 
however. particularly in the young infant with a hypo- 
plastic pulmonary annulus and diminutive pulmonary 
arteries. Patients of this type will probably continue to 
undergo Waterston shunts, which are easier to perform 
in this age group than the Blalock-Taussig shunt and 
easier to subsequently repair than the Potts shunt [5]. 
When these patients are later evaluated by angiocardiog- 
raphy prior to complete correction, the angiographer 
must ensure that certain principles are followed: 

1. The status of the right pulmonary artery in the area 
of the anastomosis must be assessed. This determination 
cannot elways be made from pressure measurements 
alone since blood flow to the peripheral right pulmonary 
artery may come primarily from the ascending aorta, 
while blood flow to the proximal right pulmonary artery 
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may come primarily from the right ventricle. If the pres- 
sure in the peripheral right pulmonary artery distal to the 
shunt is higher than the pressure in the segment proxi- 
mal to the shunt or vice versa, some degree of functional 
or anatomic narrowing at the anastomotic site is proba- 
bly present. However, if the pressures in these two 
segments are in the normal range and approximately 
equal, one cannot assume an absence of right pulmo- 
nary artery obstruction. Since the distal right pulmonary 
artery may receive its entire blood supply from the 
ascending aorta and the proximal right pulmonary artery 
may receive its blood supply from the right ventricle, the 
pressures on both sides of the anastomosis could be 
equal even if the right artery were totally occluded at the 
site of anastomosis. For this reason, adequate evaluation 
of the anastomotic segment requires contrast injections 
into both the ascending aorta and the main pulmonary 
artery. If the aortic injection fails to show retrograde flow 
back to the proximal right pulmonary artery and the main 
pulmonary artery injection fails to opacify the distal right 
pulmonary artery beyond the shunt, significant stenosis 
or complete interruption of the right pulmonary artery 
can be assumed to be present at the site of the shunt. 
This is particularly true if there is abrupt cutoff and 
delayed washout of the contrast column in the proximal 
right pulmonary artery. 

2. The left pulmonary artery must be adequately dem- 
onstrated. As previously indicated, hypoplasia of this 
vessel can develop because of poor flow through it, 
resulting from a combination of severe obstruction of 
the right ventricular outflow tract and obstruction of the 
right pulmonary artery at the site of the Waterston shunt. 
Even if the main pulmonary artery cannot be catheterized 
in these circumstances, angiographic study of the left 
pulmonary artery can still be achieved using the indirect 
technique (fig. 5D). In this case, the right pulmonary 
artery was obstructed just proximal to the Waterston 
shunt and the main pulmonary artery could not be 
catheterized because of tricuspid atresia. Consequently 
there was no way to directly visualize the left pulmonary 
artery. In these or similar circumstances, a venous cath- 
eter can be passed across a patent foramen ovale or 
atrial septal defect, through the left atrium, and out a left 
pulmonary vein to the pulmonary venous wedge posi- 
tion. Injection of 12-15 ml of contrast material at a rate 
of 3-4 ml/sec will generally result in satisfactory opacifi- 
cation of the left pulmonary artery via retrograde filling 
across the pulmonary capillary bed. 

3. The right ventricular outflow tract must be carefully 
evaluated by right ventriculography. Because the pul- 
monary arteries are supplied partially or totally by the 
ascending aorta through the shunt, the absence of a 
pressure gradient across the outflow tract may mask the 
presence of significant obstruction in this area. Com- 
plete atresia of the right ventricular outflow tract can 
develop either as a complication of the shunt or as part 
of the natural history of the disease process. The sur- 
geon undertaking complete repair should be forewarned 
if there is total lack of continuity between the right 
ventricular outflow tract and the main pulmonary artery 


because in this circumstance an outflow tract-pulmo- 
nary artery conduit will be necessary, rather than outflow 
tract reconstruction. 

It is apparent that patients who have undergone pallia- 
tive Waterston shunts may develop anatomic and hemo- 
dynamic alterations which adversely affect both their 
future outlook and chances for successful surgical re- 
pair, and which may be detected only by angiocardiog- 
raphy. Even if these patients are doing well clinically, 
follow-up cardiac catheterization and angiocardiography 
are recommended at 1-2 years following the operation 
[7]. By tailoring the examination, complications such as 
preferential shunt flow to the right lung, obstruction of 
the right pulmonary artery at the anastomotic site, in- 
creased right ventricular outflow tract obstruction, ac- 
quired hypoplasia of the left pulmonary artery, and shunt 
obstruction can be detected. The presence of these 
complications may significantly affect both the timing 
and technique of later surgical management. 
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Recognition of Splenic Vein Occlusion 


KYUNG J. CHO' AND WILLIAM MARTEL" 


Radiologic findings and medical records of 27 patients with 
angiographic documentation of splenic vein occlusion were 
reviewed. The most common causes were pancreatic carci- 
noma, pancreatitis, and malignant lymphoma. Radiographic 
findings which suggest splenic vein occlusion are gastric 
varices without esophageal varices and collateral veins in the 
left upper abdomen during the vascular phase of rapid se- 
quence pyelography. Additional features may be associated 
with the underlying disease, such as pancreatic calcification 
and upper abdominal mass lesions. The diagnosis is usually 
confirmed by high dose celiac or splenic angiography. Exami- 
nation of the stomach with barium for the detection of gastric 
varices is more sensitive than has been previously recog- 
nized; features which suggest them are described. Isolated 
gastric varices may be a clue to isolated splenic vein occlu- 
sion and its underlying causes. 


Splenic vein occlusion is more common than generally 
appreciated and usually secondary to pancreatic inflam- 
mation or neoplasm [1-3]. This condition is commonly 
silent clinically but may cause hypersplenism or gas- 
trointestinal hemorrhage due to gastric varices [4, 5]. 
This form of localized venous hypertension can be con- 
trolled by splenectomy. Gastric varices without esopha- 
geal varices are associated with splenic vein obstruction, 
but their recognition by barium studies, in the absence 
of esophageal varices, can be difficult (6, 7]. This ex- 
plains why the diagnosis of splenic vein occlusion is 
rarely made prior to angiography. This study was under- 
taken to determine whether splenic vein obstruction 
might be recognized more frequently by simple methods. 


Materials and Methods 


We reviewed the radiographic findings and medical records 
of 27 patierts at University of Michigan Medical Center from 
1970 to 1976 who had splenic vein occlusion diagnosed by 
celiac, superior mesenteric, or splenic arteriography. Spleno- 
portography was performed in only one patient for the diagno- 
sis. Of the 27 patients, 18 had isolated splenic vein occlusion 
and nine had additional thrombosis of the superior mesenteric 
vein. 

The 15 men and 12 women ranged in age from 20 to 79 years 
(average, 50 years). The causes of splenic vein occlusion were 
pancreatic carcinoma, pancreatitis with or without pseudocyst, 
peripancreatic lymphoma, and unconfirmed (15, seven, one, 
and four cases, respectively). Clinical symptoms included epi- 
gastric or back pain, nausea, vomiting, and weight loss. Three 
patients had upper gastrointestinal hemorrhage thought to be 
secondary to gastric varices. Endoscopy was performed in five 
of the 27 patients. Of these five patients who had gastric varices 
demonstrated by arteriography, gastric varices were recognized 
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by endoscopy in two. One of these patients had additional 
esophageal varices which were also evident on esophagogram. 

Radiographic studies, including gastrointestinal barium ex- 
aminations, plain abdominal films, and rapid sequence excre- 
tory uregrams (available in four patients), were reviewed. Spe- 
cial attention was given to the examination of the stomach. In 
19 cf 27 patients the gastrointestinal examinations with barium 
were judged ‘ adequate” for evaluation of gastric varices. Bar- 
ium studies were not performed in five cases and were inade- 
quate in three others. The barium examinations were studied 
with regard to the presence of gastric varices by one of us (W. 
Martel) without knowledge of how the cases were selected or 
whether gastric varices had been demonstrated angiographi- 
cally. Features of gastric varices on barium studies of the 
stomach were correlated with varices demonstrated by angio- 
grams. Splenic size was evaluated on plain abdominal radio- 
graphs and on angiograms according to the method of Haertel 
and Beusch [8]. 


Results 
Angiographic Features 


The angiographic diagnosis of splenic vein occlusion 
was based on (1) nonopacification of a segment or entire 
length of the splenic vein despite visualization of the 
intrasplenic or hilar veins; (2) demonstration of collateral 
veins draining the spleen, and (3) opacification of the 
portal vein via collateral channels from the spleen (figs. 
1A, 2B, and 3A). The location of the splenic venous 
occlusion was variable, ranging from the splenic hilum 
to the junction with the superior mesenteric vein. The 
collateral channels were the short gastric-coronary, gas- 
troepipleic, omental, and, occasionally, inferior mesen- 
teric veins. 

Gastric varices were angiographically demonstrable in 
24 of the 27 patients with splenic vein occlusion. None 
had esophageal varices on angiograms. In three of the 
patients with both superior mesenteric and splenic ve- 
nous occlusion, gastric varices were not present. The 
short gastric-coronary venous collaterals (i.e., gastric 
varices) were present in all 18 patients with isolated 
splenic vein occlusion. The results are summarized in 
table 1. 


Radiographic Findings 


Gastric varices. Gastric varices were diagnosed by 
barium examinations in 14 of 19 patients (74%) n whom 
they were angiographically demonstrated. These were 
most pronounced in the cardia and fundus, and had a 
variable appearance with a frequent combination of 
findings. They presented as broad, serpentine redundant 
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Fig. 1.—51-year-old man with pancreatitis and upper gastrointestinal hemorrhage. A, Splenoportography showing gastric fundal varices filling via 
coronary vein (arrow) toward portal vein. Note nonfilling of splenic vein. Esophageal varices are not present. B, Double contrast view of gastric fundus 
showing multiple serpentine and polypoid filling defects, most pronounced in cardia and fundus. C, Mucosal folds of lower esophagus showing no 


varices. 


filling defects or clusters of polypoid defects, simulating 
thickened rugal folds (fig. 1B) Occasionally, they had a 
characteristic orientation along the circumference of the 
gastric fundus (fig. 2B). The appearance of the barium 
collections between varices and adjacent rugal folds was 
important. These more or less linear collections charac- 
teristically varied in thickness due to their continuously 
undulating margins. Such undulations were irregularly 
spaced and often subtle (fig. 4). The varices were best 
demonstrated on double contrast views. 

Gastric varices were recognized by gastrointestinal 
examination in 10 of the 11 cases with isolated splenic 
vein occlusion. In only one of these patients were esoph- 
ageal varices suspected on barium examination. In three 
of the patients with additional thrombosis of the superior 
mesenteric vein, esophageal varices were believed pres- 
ent on barium studies of the esophagus. 

Collateral veins. In four patients venous collaterals in 
the left upper abdomen were observed during the vas- 
cular phase of rapid sequence excretory urography (fig. 
3B). The majority of these represented gastric varices 
arising from the short gastric-coronary and gastroepi- 
ploic venous communications, whereas others were col- 
lateral venous channels involving omental veins. 

Splenomegaly. The spleen was moderately enlarged in 
nine cases, and six of these had isolated splenic vein 
occlusion. Of the latter, one had lymphoma involving the 
spleen, three had carcinoma metastatic to the liver, and 
in the remaining two the splenomegaly was presumably 
secondary to occlusion of the splenic vein. In three other 
cases with splenomegaly, venous occlusion was not 
limited to the splenic vein but involved the superior 
mesenteric vein as well. Cirrhosis was present in two of 
these cases. 

Direct evidence of the causative process. In 11 patients 
there were abnormalities in the gastrointestinal exami- 


nations associated with the underlying disease. These 
included paraduodenal and perigastric mass lesions and 
mucosal fixation secondary to mural invasion by pan- 
creatic carcinoma. One of these patients also had pan- 
creatic calcification. 


Discussion 


Several authors have described features of gastric 
varices on barium examination [9, 10], but many empha- 
size the limitations of the latter examination and endos- 
copy in detecting gastric varices [6, 11]. Although the 
detection of gastric varices is admittedly difficult, metic- 
ulous examination with small quantities of barium (60- 
90 ml) and double contrast techniques will often permit a 
diagnosis even in the absence of esophageal varices. 
Even though the barium examinations in this study were 
not tailored for gastric varices, these were believed 
demonstrable in 14 of 19 patients. Highly redundant 
serpentine filling defects or linear defects oriented trans- 
versely along the circumference of the fundus are 
Suggestive, but the finely undulating margins of the 
linear collections of barium, causing variations in the 
thickness of the barium streaks, are distinctive. The 
recognition of these features will avoid an erroneous 
diagnosis of gastric neoplasm, particularly inasmuch as 
varices have been known to produce large polypoid 
filling defects. 

Hypotonic agents were not used in these examina- 
tions. Although anticholinergic drugs have proved to be 
valuable in enhancing esophageal varices [12], it is not 
clear whether they would be helpful in assessing gastric 
varices, particularly since these are confined largely to 
the proximal stomach where motility is not a problem. 

Gastric varices may cause massive gastric hemor- 
rhage; such hemorrhage is a well known complication of 
pancreatic disease and retroperitoneal fibrosis [13, 14] 
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and is occasionally the first clinical manifestation of 
these diseases. Unlike variceal bleeding associated with 
cirrhosis or portal vein thrombosis, this type of hemor- 
rhage is easily controlled by splenectomy. 

Sutton et al. [15] reviewed the English literature re- 
garding splenic vein occlusion from 1900 to 1968. They 
found 53 cases of such occlusion. In the 45 cases with 
clinical information, 65% had upper gastrointestinal 
bleeding. The incidence of this complication was lower 
in Our series, probably reflecting differences in how the 
cases were selected. Itzchak and Glickman [16] noted 





Fig. 2.—50-year-old woman with carci- 
noma in tail of pancreas. A, Splenic angio- 
gram, arterial phase, showing svbtle serrated 
encasement in proximal splenic artery (ar- 
row). B, Venous phase, subtraction film, 
showing nonfilling of splenic vein. Gastric 
varices are more pronounced in cardia and 
fundus. Varices along circumference of fun- 
dus (arrows) correspond to find ngs ir C.C, 
Prone oblique view of gastric fundus and 
body showing thin arcuate defeets in gastric 
fundus and linear collections of barium with 
undulating margins along the circumference 
of fundus (arrows). Extrinsic impression on 
lesser Curvature is due to tumor. 


C 


gastrointestinal hemorrhage in only three of 19 patients 
with splenic vein occlusion. 

Although we cannot assert on the basis of this retro- 
spective study that gastric varices without esophageal 
varices warrant adefinite diagnosis of splenic vein occlu- 
sion, we believe that diagnosis should be highly suspect. 
In 27 petients with angiographic proof of splenic wein 
obstruction, 24 had angiographically demonstreted gas- 
tric varices; none had esophageal varices. Nineteen of 
the same patients had adequate barium studies Gastric 
varices were demonstrated in 14; of these, four rad 
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Fig. 3.—46-year-old man with splenic vein occlusion and gastric varices secondary to chronic pancreatitis. A, Venous phase of splenic angiogram 
showing occlusion of splenic vein at hilum with numerous gastric varices. Spleen is normal size. B, Vascular phase of rapid sequence excretory 
urogram showing tortuous venous collaterals (arrows) in left upper abdomen. 


Fig. 4.—56-year-old man with cir- 
rhosis and portal hypertension. Gas- 
troesophageal varices demonstrated 
at endoscopy. Venous phase of supe- 
rior mesenteric angiogram showed 
retrograde filling of dilated left gastric 
vein (not shown). Barium collections 
(A and B) adjacent to varices have 
somewhat linear configuration with 
characteristic, gently undulating mar- 
gins. These cause slight variations in 
thickness of barium collections. 





suspected esophageal varices (table 1). This evidence 
TABLE 1 indicates the preferential route of venous flow in isolated 
splenic vein occlusion is toward the portal vein. Hence, 


Results of Angiographic and Barium Examinations 
= — the splenoportal collaterals (short gastric-coronary and 























Isolated Splenic Vein pie cron ala oe gastroepiploic veins) feed the gastric varices; esopha- 

slat Thrombosis geal veins are a less frequent collateral route. Itzchak 

Angiography:  — i and Glickman [16] reported that isolated gastric varices 

No. patients ....... 18 9 27 were angiographically demonstrated in 18 of their 19 

Gastric varices..... 18 6 24 patients with splenic vein occlusion. One of their patients 

Esophageal varices. 0 0 0 who had esophageal varices had associated cirrhosis. In 
Barium examination: ; i , i i 

No. patients ....... 11 8 19 reporting four cases of splenic vein occlusion, Rice et al. 

Gastric varices..... 10 4 14 [11] emphasized the importance of preendoscopic diag- 

Esophageal varices. 1 3 4 nosis of gastric varices without esophageal varices be- 





Note. — Data on 27 patients with splenic vein occlusion. o cause they often presented as fundal mass. 
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This study indicates that splenic vein occlusion can be 
suggested from simple radiographic examinations prior 
to angiographic studies. The features are gastric varices 
without esophageal varices, collateral veins in the left 
upper abdomen during the vascular phase of rapid 
sequence intravenous pyelography, and direct evidence 
of the causative process on gastrointestinal examina- 
tions or plain abdominal films. 
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Improved Safety of Splenoportography by Plugging of the Needle Tract 


PETER PROBST,’ JOSEPH A. RYSAVY, AND KURT AMPLATZ 


Spleneportography, a useful preoperative diagnostic pro- 
cedure in patients with portal hypertension, has been largely 
discontinued because of the risk of hemorrhage. We have 
used both Ivalon and Gelfoam in particle and plug form to plug 
the needle tract after splenoportography. Initial studies were 
conducted on six dogs. Plugging of the needle tract by in- 
jection o suspensions of small Gelfoam or Ivalon particles re- 
sulted in intravasation of these particles into the splenic 
vein. This was demonstrated by radioactive tagging of parti- 
cles and the direct collection of splenic blood during the 
intrasplenic injection. Plugging of the splenic needle tract with 
compressed Gelfoam caused immediate, complete cessation 
of bleeding in fully heparinized animals. Because of these 
experimental results, five humans with decreased platelet 
counts and severe portal hypertension underwent successful 
splenopertography without significant hemorrhage. At sur- 
gery, successful plugging of the needle tract by Gelfoam was 
confirmed. 


Splenosortography is sometimes regarded as an obso- 
lete procedure because of the risk of hemorrhage. Yet, 
demonstration of the anatomy of splenic and portal vein 
as well as collaterals is often far superior to that obtained 
by indirect splenoportography. Further, portal vein pres- 
Sure can be easily obtained by this technique. We report 
our experimental and clinical experience with plugging 
the needle tract after splenoportography. Ivalon and 
Gelfoam, previously used in surgical and embolization 
procedures, were chosen as materials. Both substances 
were eveluated in two forms in dogs: small 1 mm parti- 
cles suspended in saline and large plugs 1 cm long 
directly delivered through a plastic sheath into the 
needle tract. 


Materials and Methods 


Four mongrel dogs underwent laparotomy under pentobarbi- 
tal anesthesia. The spleen was exposed to allow visual punc- 
ture. Disiodgement of particles, if injected into the pulp, was 
Studied in two ways. First, Ivalon tagged with 3 mCi of °™"Tc- 
MAA was injected into the spleen: activities in multiple tissue 
samples of the spleen, liver, lungs, and kidneys were measured 
with a we | counter. Second, Ivalon shavings of less than 1 mm 
diameter were forcefully injected into the spleen at six differ- 
ent locations; at the same time blood from the splenic vein was 
filtered through a sieve to collect dislodged particles. 

Gelfoam plugs were prepared by cutting Gelfoam sponge into 
pieces 1-3 cm long and 5 mm thick. These were compressed in 
a vise (ñg. 1). The plugs were gas sterilized and did not 
reexpand even if stored up to several months. After contact with 
fluid, expansion occurred gradually and was completed in 3-5 
min. Comoressed plugs are pushed through the Teflon sheath 
with a guide wire which has a small metal bead at its end, thus 
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facilitating delivery of the Gelfoam plug. During this procedure 
the sheath is gradually withdrawn. Uncompressed Ivalon plugs 
were prepared from dry sponge material using a cork bore. 
Compressed Ivalon plugs were prepared as compressed Gel- 
foam. 

Under pentobarbital anesthesia, six mongrel dogs (28 kg 
average weight) underwent laparotomy, and the spleen was 
expesed. The animals were fully heparinized (200 U/kg). Splenic 
pressure measured 16 cm of water average (13-17 cm). After 
puncture of the spleen along its longitudinal axis with an 18 
gauge Teflon needle [1], 2 ml/kg of 60% diatrizoate meglumine 
were injected by hand as rapidly as possible. SukEsequently, the 
Teflon tubing was removed. The needle tract was plugged 13 
times. seven times with Ivalon sponge, once with compressed 
lvalan, and five times with compressed Gelfoam, making sure 
the last piece extended through the splenic capsule. Four times 
the tract was not occluded. Leaking blood was collected and the 
volume measured. 

The dogs were sequentially sacrificed and the spleens mac- 
roscopically examined immediately and at 1, 2, 3, 4, and 6 
months after the experiment. 


Results 


Injection of small radioactive particles into the spleen 
showed about 95% of the activity in the injected splenic 
tissue, 5% in liver tissue, and 0.5% evenly distributed 
through the other organs. Blood was collected directly 
from the splenic vein and in five of six samplings up to 
10 lvalon particles were found in a collected blood 
volume of 125 ml each. Six punctures with 18 gauge 
needs in two dogs revealed total blood loss of less than 
5 mi; bleeding stopped spontaneously if the animals 
were not anticoagulated. 

Bleeding rates in heparinized animals using Ivalon and 
Gelfoam plugs are summarized in table 1. The amount of 
bleeding without plugging (673 + 425 ml) was obtained 
by intermittent collections and compression of the punc- 
ture site during the first hour to prevent exsanguination 
(fig. 2). Hemorrhage was significantly reduced after plug- 
ging with Ivalon. However, leakage was observed to 
increase steadily (fig. 3). Total rate of hemorrhage was 
calculated at 37 + 17 ml per first hour. If the needle 
tracts were plugged with Gelfoam, immediate hemo- 
Stasis occurred which lasted up to 80 min (the observa- 
tion period); total blood loss measured less than 3 ml 
(fig. 4). Significant bleeding was still found if the tract 
but net the splenic capsule was plugged (154 ml) or if 
only the capsule was plugged (109.5 mI per first hour) 
(fig. 4). Therefore, care must be taken that plugs are 
deposited along the whole needle tract beyond the 
splenic capsule. 
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TABLE 1 
Bleeding Rates in Heparinized Dogs 





Plug Material Punctures Total pie ay Firet etl 
RONG. 6s kha d cutive anead 4 673 + 425 No 
CO eee E 7 ce me No 
Ivalon compressed ...... 1 14 No 
Gelfoam compressed ... 5 3 Yes 


In all six spleen specimens, no intrasplenic hematoma 
was found. In cases with Ivalon, the material was pre- 
served outling the needle tract (fig. 5), whereas Gelfoam 
was completely resolved and no tract could be found in 
postmortem specimens. 


Case Reports 
Case 1 


A 22-year-old male with cavernous transformation of the 
portal vein and esophageal varices was considered for a shunt 
procedure. A large amount of contrast medium was injected 
into the superior mesenteric artery and celiac axis, but the 
splenic vein and portal vein were not visualized. A splenoporto- 
gram was performed using a Teflon-sheathed 18 gauge needle 
via infracostal anterior approach. Pulp pressure measured 21 
cm of water. Following the angiogram, the needle tract was 
successfully packed with compressed Gelfoam. At surgery, no 
hematoma was present except for a hemorrhagic needle tract in 
the spleen which was filled with Gelfoam pieces. 


Case 2 


An 11-year-old girl had several episodes of gastrointestinal 
bleeding and esophageal varices. At admission, liver biopsy 
showed chronic active hepatitis with cirrhosis. Splenoportog- 
raphy was performed prior to shunt procedure. The coagulation 
profile included prothrombin time, 14.8 sec; partial thrombo- 
plastin time, 46.5 sec; and platelet count, 56,000. 
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Fig. 1.—A, Diagram illustrating 
preparation of Gelfoam plugs. Pieces 
3-5 mm in thickness and in desired 
length are cut from original block (7) 
and subsequently compressed in a 
vise (2, 3) to the diameter of teflon 
tubing (4). B, Steps in producing com- 
pressed Gelfoam pieces. 
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Fig. 2.—Graph showing hemorrhaging with unplugged needle tracts 
(amounts of 5 min collections). Holes were compressed between sam- 


plings. 


During splenoportography with an 18 gauge Teflon-sheathed 
needle, extravasation of contrast medium occurred during a 
test injection near the hilum of the spleen. The sheath was 
removed during tight packing of the needle tract with Gelfoam. 
The second puncture was successful; a pulp pressure of 36 cm 
of water was recorded, and a splenoportogram was performed. 
The tubing was slowly removed during the introduction of 
compressed Gelfoam plugs. 

A splenectomy and a splenorenal shunt were performed. At 
the surface of a markedly enlarged spleen (700 gm), a puncture 
hole was found with a Gelfoam plug extending through the 
capsule of the spleen. There apparently was no bleeding from 
this site. At the hilar area, a hematoma of approximately 40 ml 
was found. Again, the needle tract in the spleen was seen to be 
packed with Gelfoam (fig. 6). 
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Fig. 3.— Graph showing amounts of 5 min collections after plugging 
with Ivalon pieces. Bleeding did not stop; oozing increased slightly but 
significantly during observation period. 
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Fig. 4.— Representation of complete hemostasis after plugging of 
entire needle tract with Gelfoam (dotted circles). Significant bleeding 
was observed if either surface (solid circles) or pulp (open circles) 
remained unplugged. 


Case 3 


An 11-year-old girl with posthepatic cirrhosis, esophageal 
varices, and abdominal ascites was considered for a shunt 
procedure. Platelet count was 31,000; prothrombin time, 13.7 
sec; and partial thromboplastin time, 68 sec. 

The spleen was punctured with a 20 gauge Teflon-sheathed 
needle using an anterior infracostal approach. A pulp pressure 
of 31 cm of water was recorded. Following the splenoporto- 
gram, the needle tract was packed with compressed Gelfoam. 
Hemoglobin remained stable at 10.2; hematocrit was 31.3%. 
There were no signs of bleeding, and the patient was discharged 
the following day. 


Case 4 


A 54-year-old female had episodes of melena for 2 months. 
Clinical evaluation suggested portal hypertension. Liver func- 
tion tests were normal. Her coagulation status was abnormal 
with a partial thromboplastin time of 50 sec and an increased 
bleeding time of 22 min (normal up to 8 min) due to a serum 
inhibitor. Prior to open liver biopsy, the patient was treated with 
prednisone (80 mg daily), infusions of cryoprecipitates, anc 
platelet suspensions. During surgery brisk bleeding from the 
liver could be stopped only with electrocoagulation. At spleno- 





Fig. 5.—Spleen specimen without traces of hematomas. Needle tract 
is outlined by Ivalon pieces. 





Fig. 6 —Case 2. Insignificant hematoma in pathologic specimen after 
splenectomy for splenorenal shunt, about 3 hr after splenoportogram. 
Gelfoammiece is along needle tract (arrow). 


portography, partial thromboplastin time was 49.0 sec; bleeding 
time, 12.5 min: and platelet count, 86,000. The splenoportogram 
demonstrated a normal-sized splenic and portal vein with exten- 
sive collaterals to esophageal varices. The splenic pulp pressure 
measured 45 cm of water. The needle tract was plugged with 
compressed Gelfoam. Subsequently, no clinical signs of in- 
traabdominal hemorrhage occurred, and hemoglobin remained 
stable. Pwo weeks later, a mesocaval shunt was performed. The 
splenic pulp pressure at that time was 40 cm of water. There 
were no signs of previous intraabdominal bleeding. 


Case 5 


A 61-year-old male had a long-standing history of chronic 
pancreatitis and a previous laparotomy at an outside hospital 
for acute upper gastrointestinal bleeding. He was referred for 
further treatment with the diagnosis of splenic vein throm Dosis. 
The spleen was firm and 4 cm below the costal margin. Lebora- 
tory data were normal except for a slight elevation of alkaline 
phosphatase to 248 |U/liter. Platelet count was 87,000 pro- 
thrombin time, 10.1 sec; and partial thromboplastin time 34.8 
sec. Preaperatively a splenoportogram was performed which 
confirmed the splenic vein thrombosis. The splenic pulp pres- 
sure measured 35 cm of water. The needle tract was plugged 
with compressed Gelfoam. During laparotomy the follcwing 
day, engorged collateral veins, superior and posterior adhe- 
sions of the enlarged spleen, and an edematous tail of the 
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pancreas were found. No intraperitoneal blood was observed. 
Gelfoam plugs partially protruded from the anterior surface of 
the spleen. The pathology report noted mild chronic passive 
congestion and no signs of subcapsular hemorrhage. 


Discussion 


The main indication for splenoportography is the di- 
agnostic evaluation of patients with portal hypertension. 
We believe this is the single most useful preoperative 
examination as do others [2]. The quality of the demon- 
stration of the portal and splanchnic venous anatomy 
cannot be matched by indirect portography [3-5], partic- 
ularly in patients with huge spleens where this technique 
will fail in spite of pharmacoangiography. Due to the 
high density of the contrast medium in the direct exami- 
nation, the morphology of portal bed [6] as well as 
existence and direction of collaterals [7, 8] are well 
demonstrated, which is particularly important for the 
preoperative selection of suitable vessels for a shunt 
procedure. Even better visualization of the portal anat- 
omy may be achieved with the patient in the prone 
position [9]. Thrombi adherent to the wall of the portal 
vein are not overlooked [5]. Differentiation between in- 
trahepatic and prehepatic causes for portal hypertension 
can be made with ease [10-12]. An important hemody- 
namic parameter is the portal pressure [13] which is 
reliably reflected as the splenic pulp pressure [7, 14-16]. 
A diagnostic difficulty arises if the portal vein is not 
opacified because of thrombosis or hepatofugal flow 
[2, 6, 17]. Demonstration of the portal vein in these cases 
is usually possible in the prone position [9], by hepatic 
vein wedge injection [2], transhepatic venoportogram 
[11], or occasionally celiac axis arteriogram [18]. 

In several large series, the incidence of complications 
of splenoportography without serious clinical sequelae 
ranges from 2%-4%. These consist of hemorrhage re- 
sponding to blood transfusions [4, 7, 8, 11, 16], puncture 
of various perisplenic organs as kidney, liver, colon, 
Stomach, and left leaf of the diaphragm [16, 17, 19, 20], 
injection of contrast medium into the free peritoneal 
cavity [16, 19], and pyrogenic reactions [16]. Hemothorax 
[21], transient chemical pleuritis [16], and pneumothorax 
[4] were rarely described. In the spleen itself aneurysms 
[22] and an arteriovenous fistula [23] were observed. 

Severe complication due to massive hemorrhage 
caused by splenic rupture was found in about 1% of 
patients in a series of 2,000 cases described by Leger et 
al. [24]. Others have reported similar findings [4, 25]. 
Emergency splenectomy must be performed. Splenic 
rupture is usually preceded by the formation of a large 
subcapsular or intrasplenic hematoma which may be 
caused by superficial injection of the contrast medium 
or tear of the capsule by the needle. Because coagula- 
tion deficiency and increased portal pressure are aggra- 
vating causes [14], the recommended procedure is to 
induce the tip of the needle sufficiently deep toward the 
hilum [16, 17, 26] and/or to use Teflon catheters to 
minimize the risk of capsular tears [4, 15, 27, 28]. It is 
recommended that splenoportography not be performed 


if the platelet count is less than 100,000/mm° and the 
prothrombin time above 15 sec [8, 17, 29]. Unfortunately 
these values are often found in patients with portal 
hypertension and consequently splenoportography 
could rarely be performed. Foster et al. [4] performed 
splenoportography on 69 patients, 36 of whom had a 
platelet count below 50,000 and a prothrombin time 
above 15 sec. Three cases with hemorrhages occurred, 
all in this latter group. 

We found only two techniques to minimize hemor- 
rhage and formation of a hematoma of the splenic 
puncture. Maxwell and Jackson [15] injected 10 ml of 
oxidized cellulose suspension while removing the Teflon 
catheter. The suspension is liquid and may well be 
flushed away by the blood, especially from the subcap- 
sular area where a seal is particularly important. Kell and 
Doppman [30] suggested plugging the needle tract with 
polymerizing silicone rubber, proven to be effective in 
dogs. 

To make splenoportography safer, it appears logical to 
occlude the tract in the spleen following removal of the 
catheter. The simplest approach seems to be the injec- 
tion of small particles while the catheter is withdrawn. 
The major objections to this technique are: (1) the 
possibility that small particles are expelled by the venous 
blood which may be under considerable pressure in 
patients with portal hypertension; and (2) the possibility 
of injecting particles directly into the venous system, 
thus causing embolization of the portal radicles which is 
particularly undesirable in patients with severe liver dis- 
ease. 

To study the possibility of injecting particles directly 
into the splenic vein, small Ivalon shavings were used 
and the splenic vein blood was collected during the 
injection. Indeed, intravasation of particles could be 
detected; consequently, suspensions of Gelfoam or Iva- 
lon should not be used. 

Compressed large Gelfoam or Ivalon plugs proved to 
be highly effective in our dog experiments, causing 
hemostasis even in the fully heparinized animal. Plugs of 
noncompressed Ivalon caused insufficient hemostasis 
since there was apparently no expansion and some 
leakage through the open pore sponge. 

Gelfoam is readily available and can be easily com- 
pressed by any angiographer as shown in figure 1. It 
reexpands rapidly to its original volume and apparently 
causes a tight seal in the needle tract of the spleen 
preventing bleeding. This has been convincingly dem- 
onstrated by our dog experiments, and was also sug- 
gested in our limited clinical experience. It seems likely 
that this useful examination can be made safe even in 
patients with a platelet count below 50,000 and a pro- 
thrombin time above 15 sec. 
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'S'|-labeled Fibrinogen in the Diagnosis of Deep Vein Thrombosis of the 
Lower Extremities 


STEPHEN M. PRESCOTT,’ GERASIM TIKOFF,’ R. EDWARD COLEMAN? KENT L. RICHARDS," ? JOHN D. 
ARMSTRONG, JR.,? EDWARD L. HERSHGOLD,* DWIGHT C. McDANIEL,' AND RICHARD P. GANCHAN' 5 


Autologous '°'l-labeled fibrinogen was administered to 17 
patients during 19 episodes of suspected lower extremity 
deep veir thrombosis in an attempt to assess its diagnostic 
accuracy. Serial rectilinear scanning and probe counting of 
the lower extremities and pelvis were performed and com- 
pared wita ascending contrast venography. The sensitivities 
of imagine and counting were 67% and 47%, respectively, and 
both had a specificity of 95%. The experience with evaluation 
of deep vein thrombosis of the pelvic and iliac veins was small 
but suggested that '*'l fibrinogen will be of limited use in 
those vessels. 


Beginnirg with the observation of Hobbs and Davies [1] 
that radisciodinated fibrinogen accumulates in areas of 
venous frombosis, various radioactively labeled pro- 
teins hawe been used to detect deep vein thrombosis 
in the ower extremities. The greatest experience has 
been wth '**|-labeled fibrinogen, and its utility is widely 
accepted. particularly when used prospectively in high 
risk patients to detect calf vein thrombi. There is general 
agreemeat that '?°! fibrinogen is of less value in the 
diagnosis of deep vein thrombosis in the proximal lower 
extremity [2] and is of no utility in detecting the condition 
in the pevvic veins. It is also of limited value in cases of 
established deep vein thrombosis [3, 4] of the lower 
extremity Earlier reports on the use of '?'l-labeled anti- 
bodies tofibrinogen demonstrated the potential to image 
deeper stuctures as a result of the higher energy emis- 
sion of th= '°'| isotope [5-11] (fig. 1). 

We investigated the use of '*"l-labeled fibrinogen for 
the poss dle advantages of (1) imaging thrombi in the 
femoral, liac, and pelvic veins, and (2) discriminating 
betweem acute and chronic disease when venography 
demonsirted nonspecific defects in a patient with pre- 
vious dee vein thrombosis. Probe counting was done in 
addition .o scanning since it would offer the practical 
advantages of being more portable and cheaper if it 
proved tobe as accurate. We report our experience in 19 
episodes clinically suggestive of deep vein thrombosis in 
17 patients who could be evaluated from a total of 22 
episodes n 20 patients studied. 


Subjects and Methods 


The patients were referred by the medical house staff. Some 
selection for positive cases was inherent in the process since 
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we were primarily interested in demonstrating the pctential of 
the precedure. All patients were males between 31 and 90 years 
(mean, 60). Nine patients had had a prior episode of deep vein 
thrombosis. 

The fibrinogen was separated from 80 ml of whole blood 
drawn from each patient and labeled usimg a jet iodination 
technique modified from McFarlane [12]. The fibrinogen used 
in these studies had an isotopic coagulability of 92% or greater, 
and al! preparations were sterile and pyrogen free. 

Oral potassium iodide (500 mg) was administered before 
injection and then twice daily (250 mg) for 10 days to lock the 
thyroid. The autologous fibrinogen labeled with “*'l was admin- 
istered intravenously in a dose of 4-6 uCi/kg body we ght, with 
a mean dose of 359 uCi (range, 250-420). 

Rectilinear scans were performed with a 12.7 cm crystal dual 
probe rectilinear scanner at 24, 48, 72, and occasionally 96 hr 
after administration of the radiopharmaceutical. During the 3-4 
hr before scanning, the patients were asked to drink three 
glasses of water and to void prior to scamning. Scans were 
obtained from the umbilicus to the feet with 5:1 minification of 
the image. 

The probe counting was performed as described by Kakkar 
[3], daily for 4 days, and then at various intervals, usually every 
48 hr. Probe counts which showed a 15% difference between 
comparable sites in the opposite extremity or acjacert sites in 
the same extremity and persisted for 24 hr were ccnsidered 
positive. 

Venography was performed in each patient by a technique 
described by Rampton and Armstrong [13]. In all but two cases, 
this was done within 48 hr of the fibrinogen administration. The 
criteria for interpretation were those described by Richards et 
al. [74]. 

The interpretation of the tests for the purpose of this study 
was done by qualified observers (scans, R. E. Colemén: veno- 
grams, J. D. Armstrong, Jr.; counts, D. C. McDaniel) who were 
unaware of the results of the other tests. Sensitiv ty, specificity, 
and predictive value [15] were calculated for both scans and 
counts and Fischer's exact test [16] was used to eva uate the 
probability of chance association. 


Results 


In reviewing the initial total of 22 episodes in 20 
patients, three episodes in three patients were eliminated 
from analysis. One patient with a history of recurrent 
deep vein thrombosis had negative fibrinogen studies 
after having received prolonged therapeutic anticoagu- 
lation prior to study and had diffuse bilateral changes of 
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fibrinogen scan. B, Normal '*'l fibrinogen scan for comparison. 


TABLE 1 
Comparison of Venogram and '*'l Fibrinogen Results 


Positive Negative 


Scan Scan Tota 

All patients: 

Positive venogram ......... 10 5 15 

Negative venogram ........ 1 20 21 
Patients with previous deep 

vein thrombosis: 
Positive venogram ......... 5 1 6 
Negative venogram ........ 0 8 8 


Note. — For all cases, scanning sensitivity = 67% (10/15); specificity = 95% (20/21); 
predictive value of positive = 91% (10/11); P < .001. For patients with previous deep 
vein thrombosis, sensitivity = 83% (5/6); specificity = 100% (8/8); predictive value of 
positive = 100% (5/5); P < .01. 


uncertain age by venography. The other two patients had 
positive scans and counts with normal venograms and 
were felt by us to clinically have superficial thrombophle- 
bitis. The scans in both cases showed a pattern of diffuse 
increase which was clearly different from the cases of 
deep vein thrombosis. The counting results were indis- 
tinguishable from deep vein thrombosis. 

Of the 36 extremities in 19 episodes (two patients had 
only unilateral venograms) included for evaluation, 15 
had positive venograms, 11 had a positive scan, and 
eight had a positive set of counts. As shown in table 1, 


TABLE 2 
Probe Counting Results 


oa on ae 

All patients: 

Positive venogram ......... 7 8 15 

Negative venogram ........ 1 20 21 
Patients with previous deep 

vein thrombosis: 
Positive venogram ......... 2 4 6 
Negative venogram ........ 0 8 8 


Note. — For all cases, sensitivity = 47% (7/15); specificity = 95% (20/21): predictive 


value of positive = 88% (7/8); P < .002. For patients with previous deep vein 
thrombosis, sensitivity = 33% (2/6); specificity = 100% (8/8); predictive value of 
positive = 100% (2/2); P > .10. 


TABLE 3 
Results by Anatomic Location 


Positive Positive Positive 
saiteasaiel Venogram Scan Probe Count 
lliofemoral ....... 2 2 0 
bl a ee 5 5 5 
PODINGGS 6546 cscas 6 1 3 
eee eee ee 8 7 6 


when venography was used as the reference diagnostic 
standard, scanning had a sensitivity of 67%, a specificity 
of 95%, and a predictive value (of a positive) of 91% 
(P < .001). In patients with a previous history of deep 
vein thrombosis, the sensitivity was 83%, the specificity 
was 100%, and the predictive value 100% (P < .01). Ten 
of the 11 positive scans were clearly positive by 48 hr, 
and the other was positive at 96 hr after being negative 
at 48 hr (not done at 72 hr). 

Probe counting (table 2) had a sensitivity of 47%, a 
specificity of 95%, and a predictive value (positive) of 
88% (P < .002). In patients with a history of deep vein 
thrombosis, the sensitivity was 33% and the specificity 
and predictive value both 100%, but the results were not 
significant (P > .10). 

We evaluated the individual cases in which discrepan- 
cies occurred in an attempt to explain the discordant 
results. The single false positive case in both imaging 
and counting occurred in the same patient, raising the 
possibility of either a superficial thrombophlebitis or 
extravascular clot, neither of which was recognized 
clinically or by the pattern of the scan. The false negative 
cases could not be explained by the duration of antico- 
agulant therapy prior to fibrinogen administration or the 
criteria for significant differences in counts. Pulmonary 
ventilation-perfusion scanning was not done during the 
131| fibrinogen testing period in any of the patients with 
false negative results [17]. The influence of thrombus 
site was notable in the iliofemoral region, where count- 
ing missed the two cases of iliofemoral deep vein throm- 
bosis shown by both venography and imaging (table 3). 
Neither had positive counts, and in each the positive area 
of the scan was obscured by the bladder image; the 
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diagnosis by scan was evident only as a result of the 
extension of the thrombus into the femoral vein. 


Discussion 


A number of studies have evaluated isotopically la- 
beled fibrinogen for the diagnosis of established deep 
vein thrombosis with widely divergent results. Mavor et 
al. [2] were able to identify only 16 of 50 patients with 
occlusive iliofemoral thrombosis using '*°l-labeled fibrin- 
ogen. Carretta et al. [18] found no false positives with 
125|-labeled fibrinogen in 20 positive cases of 102 exam- 
ined, but with an unknown sensitivity since not all of 
their suspected cases had venography for confirmation. 
In addition, they eliminated patients with active arthritis, 
massive edema, or cellulitis, which certainly should 
improve the specificity of the results. Kakkar [3] reported 
a venographic concordance of 75.5% with a sensitivity 
of 84% and specificity of 54% using '?°l fibrinogen in the 
diagnosis of established deep vein thrombosis. Browse 
et al. [19] had a similar experience with '*°l fibrinogen. 

Our results with '°'I fibrinogen are intermediate with 
respect to the published reports using '?°! fibrinogen in 
established deep vein thrombosis but are not encourag- 
ing with respect to routine use in that setting unless 
combined with other tests as done by Hull et al. [20]. 

We failed to demonstrate the ability of '°'I fibrinogen 
to detect thrombi in the veins of the pelvis, although 
except for the iliac vein, none of our patients clearly had 
pelvic thrombi. However, the two patients with iliac vein 
thrombosis were identified on scan only because the 
common femoral vein was involved as well, thereby 
leaving a positive “tail” outside the image of the bladder. 
Likely. the most significant problem in this area is the 
bladder background, although the background from the 
large blood pool of the pelvis may also hamper thrombus 
identification. 

The other diagnostic situation we had hoped to im- 
prove with the use of this technique was that of a patient 
with a clinical presentation of recurrent deep vein throm- 
bosis, and a venogram demonstrating abnormal but 
nondiagnostic venous anatomy. In this setting, the scans 
of '*"! fibrinogen were accurate (table 1), but probe 
counting proved to have an even poorer sensitivity here. 

Our results show that '*'l-labeled fibrinogen can be 
used to detect established thrombi in the lower extremi- 
ties with approximately the same results as reported for 
125| fibrinogen. The hypothetical benefit of '%'l fibrinogen 
in imaging the veins of the proximal portion of the lower 
extremity was not borne out in this study. 
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Chronic Vascular Reactions to Steel Coil Occlusion Devices 


KLEMENS H. BARTH.’ JOHN D. STRANDBERG,? STEPHEN L. KAUFMAN,’ AND ROBERT |. WHITE, JR.’ 


Original Gianturco steel coil vascular embolization devices 
and two modifications were compared for their occlusive 
effects and for the degree of adverse reaction in the surround- 
ing vessel wall. Modifications consisted of silk or Ivalon 
replacing the wool strands of the original device. Single coils 
were placed into the left renal artery of nine mixed breed 
swine and restudied 3 months later. The bare coils did not 
occlude the vessels nor lead to significant foreign body 
reaction. Wool, silk, and Ivalon coils produced prompt and 
sustained renal artery occlusion. Upon histologic examination 
of the vessel wall, foreign body and chronic inflammatory 
reaction was found to be strongest against wool. This reaction 
was less with silk and markedly diminished with Ivalon. The 
results indicate that silk and Ivalon coils, while having the 
same occlusive effect, are preferable to wool coils if less local 
reaction is desired. 


Introduction 


Steel coil occlusion devices have been developed by 
Gianturco and coworkers [1] for permanent vascular 
occlusion. They are radiopaque, stay confined to their 
initial placement, and lack the risk of inadvertent retro- 
grade embolization. The original device consists of a 
wire coil fitted with wool strands to aid in thrombus 
formation and vascular occlusion. These coils have been 
used clinically for occlusion of major visceral arteries 
[2-4]. 

Experimental experience confirms prompt and sus- 
tained vascular occlusion [1, 5-7]. Histologic changes of 
the vessel walls surrounding the embolized coil are 
profound. Apparently they are mainly related to the wool 
which ncites an intense inflammatory reaction through- 
out the vessel wall [6]. 

Our experimental study was undertaken to demon- 
strate whether silk and Ivalon could decrease local in- 
flammation while preserving the vascular occlusion 
properties of wool. Embolization of the steel coils with- 
out attachments served as control. 


Materials and Methods 
Occlusion Devices 


Commercially available Gianturco occlusion devices were 
used (Cook, Inc., Bloomington, Ind.) with two modifications. 
Standard components of the system were a thin-walled no. 7 
French Teflon introducing catheter fitted to a wide bore stop- 
cock, an introducer wire, a Teflon loading cartridge, and a steel 
wire coil (5 cm when stretched). Attached to the tip of the wire 
coil were either four wool strands (the original device), four 00 
silk threads, or four (1 mm diameter) Ivalon strands, each 3-5 
cm lonc. Silk and Ivalon strands were specially made for this 
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study ‘Coox, Inc.). For control purposes, bare steel coils were 
used efter the wool strands had been removed. 


Experrnental Technique 


The study was carried out on 12 mixed breed domestic swine 
weign ng 14-18 kg at embolization. Anesthesia was performed 
as previously described [6]. Via the left carotid artery, the no. 7 
French Teflon catheter was introduced into the main renal 
artery. Heparinized 5% glucose solution was used for flushing. 
Prior ‘o embolization, a selective renal angiogram was per- 
formed with serial filming for 6 sec after the injection of 6-8 ml 
of Renografin 60. Subsequently, the occlusion device was 
introduced through the catheter and placed into the distal 
portion of the main renal artery of each animal. Angiography 
was repeated 5-10 min after the coil was detached. The catheter 
was then w thdrawn, the cutdown site repaired, and the animal 
allowed to recover. Groups of three animals received either 
woe! silk, or Ivalon coils; three swine received control steel 
coils. 

During the following 3 months, all 12 swine grew normally as 
indica‘ed by their final weight of 30-40 kg. At follow-up exami- 
nation. the abdominal aortograms or selective left renal arterio- 
grams were performed on two animals with Ivalon coils, two 
with silk co Is, and all three animals with plain steel coils. None 
of the animals with wool coils had follow-up angiography, since 
occlusion of the renal artery was uniformly expected from 
previous results [6]. All animals were sacrificed with a mixture 
of phenobarbital and potassium chloride; autopsies were per- 
formed immediately. 

The distal abdominal aorta, renal arteries, and both kidneys 
were-removed en bloc. The length and diameter of the segment 
of remal artery containing the occlusion device was measured. 
Each kidney was also measured and weighed. Representative 
sections of Doth kidneys were taken for histologic examination. 
The lett renal artery was opened longitudinally and the steel coil 
removed. Thereafter, the entire vessel was submitted for histo- 
logic Examination. Tissues were fixed in 10% neutral formalin, 
embedded in paraffin, sectioned at 6 um, and stained with 
hematoxylin and eosin and Masson's trichrome. 


Results 


The initial left renal arteriogram showed a single renal 
artery with typical intrarenal distribution in al! animals. 
No problems were encountered in directing and detach- 
ing the devices in the distal portion of the main renal 
artery Upon placement the wool-, silk-, and lvalon-aug- 
mented devices formed reasonably good coils compared 
to the poor coiling of the plain steel devices (figs. 1A and 
2A). Partial to complete occlusion was immediately 
achieved with wool, silk, and Ivalon coils but not with 
the plain steel coils. 
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Fig. 1.—A, Left renal artery embolized with Ivalon-fitted steel coil. 
Almost complete renal artery occlusion occurs immediately after emboli- 
zation. B, 3 months after embolization artery remains totally occluded. 
Left kidney is scarred and shrunken (arrows). Right kidney shows 
compensatory hypertrophy. 


Follow-up arteriograms at 3 months showed complete 
occlusion of the renal artery by silk and Ivalon coils (fig. 
1B) but not by the bare steel coils (fig. 2B). On gross 
pathologic examination, wool, silk, and Ivalon coils were 
found to occlude the left main renal artery completely. 
The kidney was scarred and shrunken, with compensa- 
tory hypertrophy of the opposite kidney (table 1). Bare 
steel coils were associated with several small cortical 
infarcts in each instance, but size and weight of the left 
kidney was only slightly different from the right kidney 
(table 1). 

Coils of all four types were firmly adherent to the 
vascular wall. The bare steel coils were covered by 
fibrous tissue. Histologically this tissue was composed 
of collagen and fibroblasts, with inflammatory cells pres- 
ent in small numbers. The wool, silk, and Ivalon coils 
were removed with considerable difficulty because of the 
ingrowth of connective tissue around the associated 
fibers. Recognizable wool, silk, or Ivalon remnants were 
found in each instance. These coils occupied a short 


segment of the renal artery, which was dilated by the 
coil. The walls of the renal arteries containing Ivalon 
coils were thin, while the arteries containing silk coils 
had thicker walls. The thickest arterial walls were found 
around the wool coils, considerably increasing the outer 
diameter of the vessels (table 2). 

Residual nonoccluding thrombi were found in renal 
artery branches distal to all three wool-augmented, two 
of three Ilvalon-augmented, and none of the three silk- 
augmented coils. These residua consisted only of orga- 
nized connective tissue deposited in the intima. There 
was no evidence of dislodgement of wool, silk, or Ivalon 
into the distal vessels. 

Wool was associated with a severe pyogranulomatous 
reaction and complete destruction of the wall of the 
artery. All three wall layers were replaced by a dense 
fibrous capsule surrounding a central area containing 
many lymphocytes (some in follicular pattern), histio- 
cytes, and occasional plasma cells. Eosinophils were 
numerous, and clusters of neutrophils were found 
around wool fibers. In addition, many foreign body giant 
cells were found (fig. 3A). Silk incited a similar but more 
mild response. Neutrophils were lacking, and the lymph- 
oid response was less florid. Occasional small calcified 
foci were found (fig. 3B). Ivalon caused even less inflam- 
mation. Giant cells were present, but only immediately 
adjacent to the spicules of Ivalon. Eosinophils were 
much less common, and the total size of the lesions was 
smaller. The reaction consisted of histiocytes and lym- 
phocytes in moderate numbers (fig. 3C). 


Discussion 


The original steel coil occlusion device consisting of a 
steel wire and attached wool strands has proven its 
effectiveness both experimentally and clinically. The two 
components may be considered separately for their oc- 
clusive effect and their local tissue reaction. 

Embolization with the bare wire coil has been ineffec- 
tive for vascular occlusion both in our study and the 
Original report by Gianturco et al. [1] because of inade- 
quate wire coiling and insufficient thrombus formation. 
According to a recent report [5], embolization with sev- 
eral bare coils reduces blood flow sufficiently to allow 
formation of an occluding thrombus. This technique is 
certainly not feasible when embolizing short arterial 
trunks. 

When attachments are used, single coil embolization 
is effective. The wool strands produce enough friction to 
facilitate tight wire coiling and to reduce blood flow so 
that almost immediate thrombotic occlusion occurs. The 
same effect can obviously be produced by silk and Ivalon 
strands replacing wool. The long-term renovascular oc- 
clusive effect is limited to the extent of the coil. In both 
the present and previous series [6], we found patent 
renal arteries distal to the coil 3-4 months after emboli- 
zation with the exception of small organized wall-adher- 
ent thrombi. 

Apart from effectiveness and ease of application of the 
coil device, side effects on the embolized vessels must 
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Fig. 2.—A, Bare steel coil embo- 
lization in left renal artery (arrow). 
Wire extends into upper pole branch 
(arrowhead) with poor coll forma- 
tion. No occlusion was seen imme- 
diately after embolization. B, Film 3 
months later showing patency of left 
renal artery and bramches; wire re- 
mains in place (arrows). 


TABLE 1 
Angiographic and Gross Pathologic Results 3 Months after Coil Occlusion of Left Renal Artery 











Vascular Reaction around Coil 











Occluding Renal Weight Ratio (g) of 
sie Artery Embolized to Normal 
itted to Occlu- Kidne 
Stee! Coil sion y 
VAIO x sien eae s Yes 8/135, 6/134, 32/110 
SUR Loiun cae Yes 8/155, 6/114, 5/102 
WOOL viedo aeeai Yes 11.5/101, 6/107, 14/146 
None (bare steel 
COW) baiciacdews No 56/77, 49/64, 83/82 


Few giant cells immediately adjacent to 
lyalon; minimal inflammatory reaction, 
vascu ar wall largely intact 

No evidence of pyogenic reaction, mod- 
erate chronic inflammatory reaction, 
and g ant cells; occasional small calci- 
ficaticns 

Total destruction of vascular wall around 
coil with intense pyogenic and chronic 
inflammatory reaction; many giant cells 
and eosinophils 

Limited fibrous reaction of intima in con- 
tact with steel wire; otherwise normal 
vesse wall 








Note, —Data on 12 swine, three in each category. 


be considered when establishing its true therapeutic 
value. As for every foreign body, the local tissue reaction 
against the coil device is an indicator of its histocompat- 
ibility. The steel coil itself, similar to other guide wires, is 
ensheathed by a thrombus [7], which is later transformed 
into a fibrous capsule. Thrombus formation around a 
single wire coil is too limited to obliterate the vascular 
lumen of renal arteries or its major branches, yet it is 
certainly able to produce multiple small cortical infarcts. 
This is probably caused by thrombus dislodgement from 
the wire surface, a well known risk of angiographic guide 
wires f8, 9]. The occlusive effect is mainly a function of 
the coi) fitting which was originally wool. 

Our study shows that apart from producing occlusive 
thrombosis, wool is responsible for intensive foreign 


TABLE 2 
Outer Diameter of Occluded Portion of Left Renal Arteries 

















jalan Silk Wool 
Outer diameter (mm)* ......... 6 6 12 

6 10 10 

7 10 10 
BONED 6 ratte ccs, EEE E 6.3 8.7 10.7 





* Measurements in nine swine: normal renal artery diameter is 4-5 mm. 


body and inflammatory reaction in the vessel wall. Silk 
incites less inflammatory and foreign body reaction, 
indicating better histocompatibility than wool, while Iva- 
lon shows the least foreign body reaction. Therefore it 
seems reasonable to use steel coils with Ivalon fittings to 
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Fig. 3.—Histologic cross sections through left renal artery (x55). A, Wool coil embolization. Layers of vessel wall are destroyed. Note abundant wool 
residuals and giant cells (arrows). Pleomorphic cellular infiltrates extend into adventitia (A). B, Silk coil embolization.Many giant cells are at intimal 
surface (open arrow). Muscularis (M) is partially preserved. Note round cell infiltrates with formation of lymphoid follicles (arrows). C, Ivalon coil 
embolization. Heavily stained spicules of Ivalon (arrow) are surrounded by organized thrombus with moderate amounts of round cell infiltrates. In- 
ternal elastic lamella and muscularis (M) are only focally disrupted (curved arrow). 


limit local foreign body reaction in the occluded vessel. 
This consideration may be important when the coil is 
applied to nonneoplastic disease or whenever a long- 
term implant is anticipated. 
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Computed Tomographic Evaluation of the Breast 


C. H. JOSEPH CHANG,’ JUSTO L. SIBALA, STEVEN L. FRITZ. JOE H. GALLAGHER, SAMUEL J. DWYER III, 
AND ARCH W. TEMPLETON 


Experience with a dedicated breast CT scanner (General 
Electric CT/M) using a contrast medium enhancement tech- 
nique indicates that CT is superior to mammography, ther- 
mography, or physical examination for diagnosing both be- 
nign and malignant mammary disease especially in dense, 
thick, or fibrocystic breasts. CT is capable of diagnosing 
totally unsuspected early miniature carcinomas. It can identify 
and differentiate potential precancerous lesions from benign 
fibrocystic disease, and is the diagnostic tool of choice for 
evaluating and following severe fibrocystic disease. CT eval- 
uation also affords definitive diagnostic help in instances 
where the mammographic, thermographic, and/or physical 
examinations are inconclusive. It can influence immediate 
surgical intervention or mitigate against an unnecessary bi- 
opsy. The study not only demonstrates morphologic changes 
in the breast but also accurately depicts an altered iodine 
pool in mammary tissues. 


Computed tomography (CT) has revolutionized radio- 
logic practice. The diagnosis of various benign or malig- 
nant breast diseases using computed tomographic tech- 
niques represents a new application for this advanced 
diagnostic tool. Preliminary reports of CT diagnosis of 
breast disease have been published [1, 2]. 

This peper reports our experiences with a dedicated 
breast CT scanner (General Electric CT/M) in 655 pa- 
tients. Results are compared with conventional mam- 
mography, breast thermography, and physical examina- 
tion for histologically proven cases of benign and malig- 
nant disease. 

Experiments are underway to identify and evaluate 
various computer image processing techniques which 
are applicable to this class of CT images. Quantitation of 
CT number change after injection of contrast media and 
statistical measurement and evaluation of specified re- 
gions in the image seem promising. 


Subjects and Methods 


The General Electric CT/M is a dedicated breast CT fan-beam 
scanner. The system includes a three-phase x-ray generator, a 
grid pulsed x-ray tube, an array of 127 high-pressure Xenon gas 
detectors, and a Data General S/200 Eclipse computer with 
magnetic tape drive, Diablo disc, and an operator cathode ray 
tube display. The breast is examined in a water bath. Viewing 
and display hardware includes a Versatec printer, Dunn camera, 
and interactive viewing console with a duplicate operator ter- 
minal and cathode ray tube display. 

Imaging is done at 120 Kvp, 20 mA, and 10 sec per 360° 
rotation. Reconstruction time per slice is 90 sec. Slice thickness 
is 1 cm. Images from a 127 x 127 matrix are displayed on a 
scale of -127 to +128 CT numbers according to calibration 
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with water at zero. The scanning field is 20 cm in diameter. 
Resolution volume for each picture point is 1.56 x 1.56 x 10 
mm. The skin exposure dose is 240 mR per breast. 

The patient lies prone on a canvas table which contains an 
opening for the dependent breast. The table is tilted irto the 
horizontal position to permit the breast to be freely suspended 
and positioned within the water bath. The bath is filled with 
continueusly changing water of body temperature. Scans are 
performed from the chest wall to the nipple. Appropriate slices 
are determinec by looking through a mirror system viewer. After 
both treasts have been studied, the patient receives a drip 
infusioan of 300 ml diatrizoate meglumine (RENO-M-DIP, Squibb) 
in a comfortable sitting position within 10 min. After intusion, 
the pavient is repositioned and the exact scanning procedure is 
repeated for both breasts. For every lesion, the highest CT 
number s identified on the display. All final CT values are 
obtained on hard-copy printout. 

From October 1976 through December 1977, 655 patients 
were studied. All patients had a physical examination, film 
mammography, and thermography. Two genera groups of 
patients were selected. One group had physical, mammo- 
graphic, and/er thermographic abnormalities. The other group 
had asymptomatic dense breasts; many of these patients were 
in a hah risk group. In addition, four cases were studied to 
check the status of their breast cancer after cobalt therapy or 
lumpectomy and chemotherapy. Two additional patients were 
studied to appraise the status of their breast after augmentation 
mammaplasty with silicone. 


Findings 
Breast Cancer 


There were 31 malignant lesions detected in 28 pa- 
tients all were histologically proven. Breast carc noma 
in a fatty breast is characterized on a CT/M scan as an 
irregular mass (fig. 1). In moderate to markedly dense 
fibrocystic breasts, a mass cannot be distinguished from 
the sLmrounding tissues. The mass becomes obvicus on 
enhar cement with contrast material because of the pref- 
erent! iodine uptake by the tumor (fig. 2). Malignant 
microcaicifications without an associated mass cannot 
be identified on initial scans, but can be identified as tiny 
areas of marked enhancement on postinjection scans 
(fig. J. 

Carcinomes ranging in diameter from 2 mm to 9 cm 
were diagnosed by CT. Eight were less than 1 cm, seven 
were 1-2 cm, eight were 2-3 cm, six were 3-5 cm, and 
two were over 5 cm in the maximum diameter. A tiny 2 x 
2 mm carcinoma was totally unsuspected by physical 
exam nation. thermography, or mammography. This le- 
sion was diagnosed on CT by identifying high poszinjec- 


‘All authers: Department of Diagnostic Radiology, University of Kansas Medical Center, Kansas City, Kansas 66103. Address reprint requeststo C. H. 


J. Chang. 


Am J Roentgenol 131:459-464, September 1978 
© 1978 American Roentgen Ray Society 


0361-803X/78/0900-0459 $00.00 


460 CHANG ET AL. 





Fig. 1.—CT scans of large cancer in fatty breast showing irregular 
mass (large arrows). Tentacles (small arrows) are clearly visible. A, 
Preinjection scan. Initial CT number of lesion is 32. B, Postinjection 
scan. Lesion enhanced to 63. Contrast enhancement (CE) was 31 CT 
units (6.2% increase in density), indicating cancer. 





Fig. 2.—Patient whose mammogram showed diffuse dense fibrocystic 
disease without demonstrable discrete mass. A, Preinjection scan. Dis- 
crete mass not identified. B, Postinjection scan. Cancer mass (arrow) 
becomes obvious. Contrast enhancement was 28 CT units (5.6% increase 
in density), indicating cancer. 


tion CT numbers in two pixels. All malignant lesions 
showed an increase of at least 26 CT numbers after 
contrast medium enhancement (5.2% increase in den- 
sity). The range of CT number for cancer is —9 to +35 
(mean, 19) on initial scans and +21 to +85 (mean, 53) on 
postinjection scans. The mean contrast medium en- 
hancement (ACT number) of proven cancers is 34 (6.8% 
increase in density). Table 1 shows the diagnostic accu- 
racy of CT compared to film mammography and ther- 
mography. 

All carcinomas but one were diagnosed by CT. This 
lesion was situated in the lower, most posterior aspect 
of the breast and could not technically be included in the 
scan field. Mammography missed seven of the 31 carci- 
nomas, al! in dense dysplastic breasts; thermographic 
examination correctly identified 18. 


Benign Lesions 


There were 43 biopsy-proven benign lesions in 41 
patients. Benign lesions were referred to surgery for 
biopsy because of suspicious mammographic, thermo- 
graphic, and/or clinical examination findings. These 
included fibrocystic disease, fat necrosis, focal duct 
ectasia, intraductal papilloma, unilateral gynecomastia, 





Fig. 3.—Miniature carcinoma with clustered microcalcifications and 
without associated mass. A, Specimen radiograph showing clustered 
microcalcifications (arrow). B, Preinjection scan. No mass or calcifica- 
tions. C, Postinjection scan showing tiny area of marked contrast 
enhancement (31 CT units, 6.2% increase in density), indicating cancer. 


TABLE 1 
Diagnostic Accuracy in Malignant Lesions 





Benign Suspicious Malignant 
Film mammography......... 7 tá 17 (77) 
Thermography .............. 13° 11 7 (58) 
San dnc A 1t 30+(97) 
= Note 5 Data on 31 lesions. Numbers in parentheses are percentages. 


* Normal. 

t Lesion was in lower and most posterior aspect of breast near chest wall, 
therefore not included in scan 

t One tiny cancer was erroneously reported previously as benign lesion, but 
review of scan showed minute cancer 


fibroadenoma, and abscess. The CT number and inci- 
dence of these lesions are summarized in table 2. 
Diffuse fibrocystic disease is characterized by in- 
creased density and obliteration of the normal breast 
architecture by dilated ducts, fibrotic reaction, and mul- 
tiple masses. The initial CT number for fibrocystic dis- 
ease is similar to cancer. However, the degree of en- 
hancement with contrast medium is less than that for 
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TABLE 2 


Benign Lesions 





























L Inci- CT Mumbers No. Units of En- 
ion 
dü gence Initial After Contrast Medium hancement B 
Fibrocystic disease .......... 28 —16 to +40 (19) —T2 to +70 (35) 4-30 (14) 
Fat NOCIOSIG ois6 snte ences 3 —17 to +25 (10) —8 to +32 (16) 3- 9 (6) 
Focal duct ectasia ........... 1 —2/ —17 10 
Intraductal papilloma ........ 2 +9 to +24 (17) +24 to +38 (31) 14-15 (15) 
Gynecomastia ..........----- 1 +25 +34 9 
Fibroadenomā. «.4.. 665520080 6 —12 to +18 (8) +15 to +50 (37) 23-36 (29) 
Calcified fibroadenoma ...... 1 +47 +50 3 
ADECOSS senada ded eee a 1 +4 +30 7 26 
Note. —Numbers in parentheses are mean values. | 
TABLE 3 





Fig. 4.—Diffuse benign fibrocystic disease showing diffuse increased 
density and obliteration of normal architecture. A, Preinjection scan. B, 
Postinjection scan. Contrast enhancement was 18 CT units (3.6% in- 
crease in density), indicating benign lesion. 


malignant lesions (fig. 4). Fat necrosis can mimic a 
malignant lesion on the mammogram, but the CT study 
reveals minimal contrast medium enhancement (mean, 6 
CT numbers). 

Noncalcified fibroadenomas, especially younger le- 
sions, may display an increase of 25 CT numbers or more 
after contrast media enhancement. However, their initial 
CT reading is lower than cancer, usually less than 10 CT 
numbers. Additionally, fibroadenomas appear as well 
defined, smooth, homogenous oval masses. Calcified 
fibroadenomas show a high initial CT number but display 
only minimal contrast medium enhancement (3 CT num- 
bers). 

There was a single case of subacute abscess in this 
series. Even though this lesion showed a contrast me- 
dium enhancement of 26 CT numbers, this was less than 
would have been expected for a malignant lesion of this 
size. It also revealed a low initial CT number of 4. The 
margin of abscess was poorly defined. 

Table 3 compares the diagnostic accuracy of CT for 
benign lesions with that of film mammography and 
physical examination. There were four false positive 
cases in younger patients with markedly fibrocystic 
breasts (mean age, 42 years). Our clinical observations 
and our initial animal study with rats suggest that there 
is a definite relation between increased iodine concen- 
tration in mammary tissue and high progesterone level. 


Diagnostic Accuracy in Benign Lesions 

















Benign 7 Sui. Malignant 
Film mammography........ 21 (49) 21 1 
Physical examination ...... 24 (56) 19 ait 
CELNI -oina EERE E 39 (91) i 4 








Note. — Data on 42 lesions. Numbers in parentheses are percentages 


Hence, the CT study should not be performed from 1 
week before to the end of menstruation. 


Severe kerminal Duct Hyperplasia 


Fibrocystic disease with severe terminal duct epithelial 
hyperplasia and atypia has been considered a possible 
precancerous lesion by many knowledgeable investiga- 
tors [3-11]. Subsequent development of in situ carci- 
noma in these areas of abnormal ductal hyperplasia has 
been reported [6, 12]. CT has demonstrated and biopsy 
has proven 24 such areas of cellular abnormality n 19 
patients. 

The age of these patients ranged from 37 to 69 years 
(mean, 44 years). Of the 19 patients, 12 had a positive 
family history of breast cancer; the father and brother of 
one patient had breast cancer. Two patients had con- 
comitant cancers in other parts of the breast. Three 
patients had had a previous mastectomy. 

All patients had breasts with diffuse fibrocystic dis- 
ease. Mammography, thermography, and physical ex- 
aminations were otherwise negative. Biopsies were per- 
formed solely on the basis of the CT findings. 

The initial CT number in this patient group ranged 
from —17 to +31 (mean, 21) and increased by 24-42 CT 
numbess (mean, 33) after contrast medium enhancement 
(4.8%-8.4% increase in density). The scan characteristi- 
cally showed multiple tiny areas of high contrast en- 
hancement. Extraordinary cooperation from the pathol- 
ogist is required to find these lesions in the spec men. 
Our initial data seem to indicate that the CT’M system 
has the capability of differentiating potential precencer- 
ous lesions from benign fibrocystic disease. 


Receiver Operating Characteristic Analysis 


Sensitivity, specificity, and accuracy are not definitive 
estimators of lesion detectability, since these “actors are 
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Fig. 5.— Receiver operating characteristic curve for 
CT/M using contrast medium enhancement (ACT num- 
ber). | = cancer plus severe terminal duct hyperplasia vs. 
benign lesions. Il = cancer vs. benign fibrocystic disease. 
lll = cancer vs. severe terminal duct hyperplasia. IV = 
cancer plus severe terminal duct hyperplasia vs. benign 
fibrocystic disease plus other benign lesions (less fibroad- 
enoma). 


dependent on the decision criteria of the observer. 
Decision criteria reflect the bias of the observer toward 
one diagnosis or another, as well as such factors as the 
probability of occurrence of the disease in a particular 
patient population. Observer bias may be separated from 
the inherent ability to detect lesions by a mathematical 
technique known as receiver operating characteristic 
(ROC) analysis. This technique is well established in 
medical imaging [13-15] and affords an objective evalu- 
ation of bias and detectability for any diagnostic imaging 
test. 

The ROC curve is a plot of the false positive percentage 
versus the true positive percentage for a decision task 
with a variable decision criterion. For the CT study, ROC 
curves were plotted for several different decision criteria 
using the maximum contrast medium enhancement (ACT 
number) to assign a scan to malignant or benign cate- 
gories. When cancer and severe terminal duct hyperpla- 
Sia were grouped together in a single category, Curve | 
resulted (fig. 5). When only cancer and benign fibrocystic 
disease were considered (all other diseases being ig- 
nored), curve Il resulted. Curve IIl describes the process 
of differentiating between cancer and severe terminal 
duct hyperplasia. Maximum accuracy for curve | was 
found to be 84%, with a sensitivity of 98% and a specific- 
ity of 70%. 

Histograms of CT values for all four diagnostic cate- 
gories were examined. They showed that the categories 
used for curve |, the basic curve for CT, were distributed 
nearly normally, with a slight skew toward low values. 
Therefore, an ROC curve plotted in normal-normal prob- 
ability coordinates traced a straight line with slope equal 
to the variance ratio. This corresponds to a situation in 
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Fig. 6.—Receiver operating characteristic curve in normal 
probability coordinates. | = cancer plus severe terminal duct 
hyperplasia vs. benign lesions. Il = cancer vs. benign fibrocystic 
disease. Ill = cancer vs. severe terminal duct hyperplasia. IV = 
cancer plus severe terminal duct hyperplasia vs. benign fibro- 
cystic disease plus other benign lesions (less fibroadenoma). 


which a single parameter of the ROC curve, the intercept 
with the negative diagonal, is an estimate of detectability 
which is independent of bias. Figure 6 shows the ROC 
curves plotted to these coordinates and documents the 
fact that the normal ROC curve with unequal variances 
described our data quite well. This will make future data 
analysis more tractable. 

When fibroadenoma was removed from the set of 
diagnostic categories, the distribution of ACT numbers 
for benign lesions became less skewed, and ROC curve 
| shifted in the direction of greater separability (curve IV). 
Best accuracy was again found at an extreme point on 
the curve, with sensitivity remaining at 98% and specific- 
ity improving to 87%. The ROC plot using normal-normal 
coordinates traced a straight line whose slope was equal 
to that of the other ROC curves. This suggested that 
numerical information used to differentiate fibroade- 
noma from other processes before the decision based 
on maximum ACT is made might offer some significant 
gain in performance. This is being actively investigated 
at present. 

It must be emphasized that with a sample of only 98 
patients, the ROC curves are only approximate, but the 
excellent fit of curve | to the measured data suggests 
that the ROC function is a good description of potential 
sensitivity and specificity of the CT study. 


Discussion 


Higher iodine and iodide concentration in the tissue of 
normal and diseased breasts in humans and animals is 
well documented [16-18]. Increased radioiodine uptake 
in surgical specimens of carcinoma and fibroadenomas 
from human breasts has also been reported [16]. Our 
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Fig. 7.—Contrast medium enhancement (ACT number) in various 
mammary lesions. 
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Fig. 8 —Relationship between CT number and iodine concen- 
tration in water. 


results showing contrast medium enhancement in var- 
ious mammary lesions support these previous findings 
(fig. 7). 

Marked contrast medium enhancement, over 25 CT 
numbers (5% increase in density), was noted in malig- 
nant lesions, severe terminal duct epithelial hyperplasia 
(possible precancerous lesions), fibroadenoma, and ab- 
scess. However, only minimal (less than 10 CT numbers) 
contrast medium enhancement was demonstrated in the 
predominantly fibrotic and cystic lesions. This suggests 
that increased contrast medium enhancement may not 
only be due to increased vascularity, but also to the 
metabolic status of epithelial cell. Marked hyperplasia, 
especially with atypia and malignant changes, seems to 
induce higher iodine concentration. 

Intravenous infusion of 300 ml of contrast medium 
over a 10 min period results in a prolonged maximum 
concentration of serum iodine. It seems to be the best 
method for delivery of opaque media for CT of the 
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Fig. 9.—CT/M modulation transfer function. 





Fig. 10 —Locarithmic histograms of breast cancer (black arrows) 
showing eahanced CT images (white arrow). C = with contrast medium: 
S = witnoeut contrast medium. 


breasi. Max mum contrast medium enhancement is 
achieved after 300 ml rather than 100 or 200 ml. 

The relation between CT number and iodine cancen- 
tratiom in water, investigated by using a phantom, was 
found to be linear up to a CT number of about 80 (fig. 8). 
Beyord this point, the CT number rises less rapidly and 
begins to level off. An enhancement of 5 CT numbers 
requires an increase of 0.4 mg/ml in iodine concentra- 
tion. 

For lesions smaller than the volume of one pixel, an 
increase in CT number may still be seen if the corre- 
sponcing increase in absorption is higher. The modula- 
tion transfer function, obtained by imaging a single 
stranc of 30 gauge copper wire, allows calculation of the 
effect of iodine uptake in tissues smaller than the spatial 
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resolution provided by the matrix (fig. 9). For a very small 
lesion which takes up iodine very strongly, the CT num- 
ber may show a statistically significant increase in only 
One or two pixels. Thus the numerical data as well as the 
image are important in accurate diagnosis. 

The correlation of numerical changes in CT number by 
contrast medium enhancement with clinical condition 
strongly suggests that significant diagnostic information 
is contained in the values of the CT numbers. Further 
image processing should be useful to extract this quan- 
titative information which is not appreciated on the 
displayed or hard-copy black and white image. A color 
representation of the data enables an observer to better 
appreciate minor differences in a large dynamic range of 
CT numbers and to better discern differences in CT 
values at extremes of the dynamic range. The logarithmic 
histogram distribution (the logarithm of the frequency of 
occurrence of CT number versus CT number) clearly 
shows the increase with contrast medium in the number 
of pixels having high CT number (fig. 10). 
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Selective Use of the Oblique Projection in Mammography 


FERRIS M. HALL' AND ARNOLD L. BERENBERG' 


We reviewed the radiographs of patients undergoing nega- 
tive breast biopsies on the basis of false positive mammo- 
grams. In a small number of these patients, the radiologic 
error was attributable to the summation effect of superim- 
posed focal areas of normal or dysplastic breast tissue giving 
the false impression of a mass. This summation effect more 
frequently results in an equivocal radiologic impression, often 
with a recommendation for short interval repeat mammo- 
grams, rather than an actual biopsy. This false positive mam- 
mographic appearance can often be suspected on the basis 
of a discrepancy in the appearance of the suspicious area on 
the standard lateral and craniocaudad views. In a prospective 
study we identified women in whom suspicious mammograms 
were felt to possibly relate to this superimposition effect, and 
in this smal! selected group of patients an additional oblique 
projection was obtained. The oblique view frequently enabled 
the initially equivocal abnormality to be definitively assessed. 


Traditional mammography consists of a lateral and cra- 
niocaudad view of each breast, although Lundgren and 
Jakobsson [1] have advocated the oblique view both as a 
single screening examination and as a routine third 
projection [2]. We have found an additional oblique 
radiograph to be useful in a select group of patients in 
whom equivocal findings are present on standard mam- 
mographic projections. 


Subjects and Methods 
Retrospective Study 


We perform mammography with a molybdenum target Seno- 
graph unit using vacuum cassettes with matched rare earth 
screens anc film. Retrospectively, we reviewed the mammo- 
grams of 30 patients in whom negative breast biopsies were 
performed on the basis of radiologic recommendation. None of 
these patients would have undergone biopsy solely on the basis 
of the physical examination or other clinical data. 

Among these 30 cases the radiologic indications for biopsy 
could be divided into three groups with minor overlap. In the 
first group of 14 patients, biopsies were recommended on a 
basis of focal microcalcifications without a definite associated 
mass. Many of these patients underwent preoperative needle 
localization [3] and postbiopsy specimen radiography [4]. A 
second group of 12 patients had one or more definite masses 
seen on mammography which, although suggesting benignity, 
did not allow the examiner to confidently exclude a malignancy. 
The third group was composed of four patients in whom false 
positive mammograms were retrospectively attributed to the 
superimposition of focal normal or dysplastic breast changes 
creating the false impression of a dense mass. This pseudo- 
mass, although suspicious for neoplasm in one standard projec- 
tion, was usually slightly less well localized and defined in the 
second projection. Premammographic physical examinations 
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on these patierts were normal, although a poorly definec and/ 
or equivecal mass was often described in the area of suspicion 
prior to surgery. No dominant masses were identified curing 
surgery. Postoperative specimen mammograms, performed in 
two of these cases, were of limited value because of the lack of 
calcificafions and the presence of focal normal and/or dysplas- 
tic opaciries. All biopsies in this third group were interpreted as 
having dwsplastic (fibrocystic) changes. 


Prospective Study 


Durinc the past 2 years, we prospectively identified 62 equiv- 
ocal mammograms from a total of approximately 3,000 patients 
examined. We believed these equivocal mammograms might 
fall into Ne third group in which carcinoma was simulated by a 
summation effect of benign breast opacities. The great majority 
of these Ssions were not suspicious enough to have had biopsy 
recommended solely on the basis of routine mammography. In 
these 62 patients we obtained an additional oblique projection 
(usually superomedial-inferolateral) (fig. 1), or rarely two 
oblique ilms to more conclusively establish or exclude the 
diagnosis of neoplasm (figs. 2 and 3). All mammograms are 
routinely checked by a radiologist prior to the patient leaving 
the department; the decision to obtain an additional projection 
is usually made at this time, obviating a second patient appoint- 
ment. 





~ig. 1.—Positioning for oblique projection (superome- 
di@-infero ateral). Degree of obliquity varies. Breast must 
be sempressed in oblique position rather than in standard 
prajection with subsequent rotation. Oblique projections 
in <uperolateral-inferomedial orientation are obtained less 
frequently. 


' Department of Radiology, Harvard Medical School and Beth Israel Hospital, 330 Braokline Avenue, Boston, Massachusetts 02215. Address ‘eprint 


requests to F. M. Hall 


Am J Roentgenol 131:465-468, September 1978 
© 1978 American Roentgen Ray Society 


465 


0361-803X/78/0900-0465 $00.00 


466 HALL AND BERENBERG 





Fig. 2.—A, Standard craniocau- 
dad projection showing suspicious 
mass laterally (arrows). Mass is not 
definitely identified on lateral pro- 
jection (B). C, Off-lateral oblique 
projection confirming presence of 
lesion (arrows). Note slight change 
in position of phleboliths (arrow- 
heads) and superficial vein (white 
arrows) on B and C. Lesion was not 
palpable. Surgery confirmed 1.0 cm 
infiltrating intraductal carcinoma. 





Results 


In 49 of the 62 patients selected for an oblique projec- 
ton, the presence of a mass lesion was convincingly 
excluded. None of these patients is known to have had 
the diagnosis of carcinoma made in the initially suspi- 
cious breast. In five patients a mass was either clearly 
defined on the oblique view or there was a very high 
index of suspicion for such a mass. Four of these five 
patients have undergone biopsy: in three a carcinoma 
was found and in one only dysplastic changes were 
identified. The fifth patient has not undergone surgery. 
We believe that none of these patients would have 
undergone biopsy on the basis of the initial physical 
examination, although in at least two a discrete mass 
was retrospectively identified. 


The oblique projection in the remaining eight patients 
sufficiently decreased our suspicion that, in the absence 
of a clinical mass, only close clinical and radiologic 
follow-up was advised. Two of these eight patients un- 
derwent subsequent negative breast biopsies. 


Discussion 


We have divided patients with false positive mammo- 
grams into three general groups. In the first group, those 
with focal microcalcifications, biopsy specimens almost 
invariably showed focal areas of ductal hyperplasia or 
sclerosing adenosis, often accompanied by cellular 
atypia. Some of these lesions were in histologic gray 
zones with marked cellular atypia. Many authorities feel 
that such changes, if not actually premalignant, repre- 


OBLIQUE PROJECTION IN MAMMOGRAPHY 467 





sent a milieu in which there is a predisposition for the 
development of carcinoma [5, 6]. Therefore, reduction in 
the number of “negative” excisional biopsies in this 
group, even if such persons could be identified, may not 
be in the best interest of the patient. In the second 
group, patients with definite masses identified only on 
mammograms, and usually representing cysts or fibro- 
adenomas, we see no way for the mammographer to 
significantly increase accuracy, although use of ultra- 
sound or needle aspiration might reduce the number of 
biopsies in selected patients with a low index of suspi- 


Fig. 3.—A, Standard lateral pro- 
jection showing suspicious mass su- 
periorly (arrows) which is not defi- 
nitely identified on craniocaudad 
projection (B). C, Off-lateral oblique 
projection showing suspicous area 
as benign-appearing, with dysplastic 
opacities more widely dispersed. 
Follow-up mammograms 15 months 
later were identical. 


cion. Cur study suggests that a reduction in the number 
of negative breast biopsies can be achieved in the third 
group of patients in whom a breast mass is simulated by 
superimposition of focal areas of normal or dysplastic 
tissue. Perhaps more important is the decrease in the 
number of equivocal radiologic reports resulting from a 
sim lar mammographic effect but where the findings are 
not suspicious enough to warrant actual biopsy. 

It must be emphasized that an oblique projection was 
obtained in this series in only a small selected group of 
patients: one for almost 50 patients examined or one of 
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100 individual breast examinations. We are now obtain- 
ing this additional projection somewhat more frequently. 
The decision to obtain an oblique view will vary with the 
experience and confidence of the mammographer. Sim- 
ply repeating the standard mammographic projections in 
these patients will occasionally be helpful because of 
slight differences in positioning of the breast during 
compression. In addition to the indications discussed, 
we occasionally obtain an oblique view to better assess 
the margins of what is felt to be a benign mass, to better 
visualize the axillary portions of the breast, or to further 
localize focal microcalcifications possibly within the 
Skin. 

Radiation exposure to the involved breast will be 
increased by approximately 50% in patients undergoing 
an additional oblique view during mammography. With 
currently available techniques, such as matched rare 
earth screen-film combinations, this additional exposure 
should amount to less than 1.0 rad, and in some in- 
stances less than 0.5 rad, measured dose to skin per 
exposure [7]. 

Depending on the degree of suspicion of an equivocal 
lesion at mammography, a number of radiologic recom- 
mendations may be made: follow-up mammograms at 
various intervals, correlation with clinical findings, or 
biopsy. In our experience with equivocal lesions, it is 
rare for short interval examiantions to show a significant 
change, even in cases subsequently shown to have 
carcinoma. The recommendation for short interval re- 
peat mammograms too frequently represents a method 
for the radiologist to convey uncertainty and delay defin- 
itive recommendations. It is our belief that follow-up 
mammography in less than 9-12 months should infre- 
quently be recommended. We recognize that this may 
place an additional burden on the radiologist. By permit- 
ting a more definitive initial radiologic assessment, the 
oblique mammographic projection may obviate repeat 
mammograms with their attendant psychologic trauma 
and radiation. 

Many experienced radiologists occasionally use addi- 
tional mammographic views for better assessing mass 
lesions or specific areas such as the axilla. However, we 
could find no published data on use of the oblique view 
to assess equivocal lesions. Lundgren and Jakobsson [1] 
recently reported their experience using a single oblique 
(superomedial-inferolateral) mammographic view in a 
breast screening program, and both Lundgren [2] and 
Andersson et al. [8] have used this view, in addition to 


the craniocaudad and lateral projections, as part of the 
routine mammographic examination. Lundgren [2] 
found the oblique view alone identified carcinomas 95% 
of the time versus 80% and 81% from the lateral and 
craniocaudad views, respectively, and that the latter 
views rarely demonstrated a carcinoma not seen on the 
single oblique projection. However, Andersson et al. [8] 
found these three views to be comparable, each identify- 
ing approximately 90% of carcinomas. The oblique view 
was preferable for tumors in a juxtathoracic position but 
less sensitive in dense breasts. Any combination of two 
views increased the number of malignancies detected 
from 90% to 93%-94% [8]; these authors recommended 
routine use of two views, preferably craniocaudad and 
oblique. Andersson et al. [8] did not employ the third 
view as a selective adjuvant to standard two-view mam- 
mography, and they do not specifically comment on use 
of the third view to reduce false positive diagnoses of 
carcinoma as well as the number of equivocal reports. 

Based on our experience and a review of the literature, 
we question the routine use of either one or three 
mammographic projections. Selective use of a third 
view, not necessarily the oblique projection, should help 
decrease the number of false positives as well as in- 
crease the sensitivity of the standard two-view mammo- 
graphic examination. 
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Differential Diagnosis of Pelvic Masses by Gray Scale Sonography 


ARTHUR C. FLEISCHER,' A. EVERETTE JAMES, JR.,' JAMES B. MILLIS,2 AND CONRAD JULIAN? 


An approach to the sonographic differential diagnosis of 
pelvic masses based on their size, location, internal consist- 
ency, and definition of borders is presented. Diagnostic 
schemes were derived from correlating the sonographic fea- 
tures with histomorphology in 170 surgically proven pelvic 
masses. Besides separating pelvic masses into the conven- 
tional categories of cystic, complex, and solid, gray scale 
sonographic features of a pelvic mass can be used to sub- 
categorize these masses into a more useful differential diag- 
noses. 

Although the features seen on a sonographic image were 
specific in only two types of pelvic masses (pattern specificity 
greater than 85%), the sonographic information can be effec- 
tively utilized for establishing differential diagnoses of pelvic 
masses. Among the various sonographic patterns observed, 
homogenously cystic adnexal masses were the least specific 
pattern, whereas a predominantly cystic, extrauterine mass 
with internal septation was highly specific for a pseudomuci- 
nous cystadenoma. Several pelvic masses such as dermoid 
cysts demonstrated more than one sonographic appearance 
and, therefore, had to be considered in more than one diag- 
nostic category. 


Although sonography has experienced widespread clini- 
cal application in obstetrics in the last decade, its use in 
gynecologic disorders has been much less extensive [1]. 
The morphologic variety of pelvic masses has made 
gynecologic sonographic diagnoses comparatively more 
difficult and less specific than in obstetrics. 

Prior to the development of gray scale imaging, soft 
tissue masses could be characterized into only three 
major groups: cystic, complex, and solid depending on 
their attenuation properties [2]. Seldom were the find- 
ings on conventional bistable B-mode images specific 
for a particular type of pelvic mass. Since the advent of 
gray scale sonography, subtle interfaces within and 
around soft tissue masses are more apparent, making 
more specific differential diagnoses possible [3]. In this 
study, observations correlating the sonographic appear- 
ance of surgically proven pelvic masses with their mor- 
phologic characteristics are utilized in a scheme for 
differential diagnoses of these masses. 


Subjects and Methods 


A total of 198 patients underwent sonographic examination 
because of either a palpable or clinically suspected pelvic mass. 
Of these, 170 underwent laparoscopy, laparatomy, or surgery 
and are included in this study. A control group consisted of 
patients with negative scans who were found on subsequent 
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clinic visits to be free from pelvic disease and 12 asymptomatic 
volunteers. 

Using the criteria listed in figure 1, the sonographic qualities 
of each pelvic mass were categorized as to size, location, 
internal consistency, and definition of borders. The schemes 
used for prospective categorization were formulated from initial 
observations ef tumor morphology relative to the sonocraphic 
image [4, 5]. If a mass did not fall into a specific category such 
as cystic. complex, or solid, it was classified according to its 
predominant sonographic component (e.g., complex, predomi- 
nantly cystic). Similarly, if the exact location of a mass could 
not be ascertained by sonography, it was designated as Naving 
an indeterminate location. Clinical information from tne pa- 
tient’s hospital chart was used in the formulation of a differential 
diagnosis. 

Folləwing surgery, the histomorphologic features of the ex- 
cised mass were independently evaluated by a pathologist. The 
accuracy of categorical and specific diagnoses were retrospec- 
tively amalyzec as being correct or incorrect. In a few cases, 
masses which were excised relatively intact were rescanned 
submersed in a water tank. 

Patients were scanned with commercially available units 
(Unirad Sonograf Il and IIl, Denver, Colo.; Picker EDC, North- 
ford, Conn.) using a standard nonfocused 2.25 MHz or a 3.5 
MHz tramsducer with medium internal focus. Most patients were 
scanned with a fully distended bladder. Longitudinal, trans- 
verse, and obl que sonograms were taken through the erea of 
interest in 1 cm intervals. The location of the uterus, urinary 
bladcer. and other pelvic landmarks such as the spine and 
laterel pelvic wall musculature were identified in relation to the 
pelvic lesion te be investigated. Optimal machine settings and 
transducer anculations were determined empirically after satis- 
factory scans with routine gain settings were obtainec. The 
artifactual echoes created within the distended bladder were 
used as a reference for the evaluation of the echogenicity of 
other soft tissue structures. Compound scanning was utilized 
for visualization of soft tissue interfaces, whereas simple sector 
scans were performed to evaluate acoustical attenuation prop- 
erties. The equipment used in this study was periodically cali- 
brated using the standard 100 mm test object endcrsed Dy the 
Amer can Institute of Ultrasound in Medicine. 


Findings 


Of the 198 patients examined for confirmation and/or 
characterization of pelvic lesions, 170 scans were con- 
sidered positive for a pelvic mass. Twenty-eight patients 
failed te demonstrate sonographic evidence of a pelvic 
lesion. Only six patients with negative sonograms were 
later surgically explored. Two of these patients were 
later found to have disease; one had a small so id ovarian 
adenocarcinoma and the other had a dermoid cyst. 
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ADNEXAL 


UNILATERAL UTERINE 
BILATERAL PELVO- ABDOMINAL * 
INDETERMINATE 
HOMOGENOUS 
CYSTIC a SEPTATED 
SOLID FOCI 
PREDOMINATELY CYSTIC 
COMPLEX 
apa nS  orwornrinaty SOLID 
NG MILDLY ECHOGENIC 
soro MODERATELY ECHOGENIC 
MARKEDLY ECHOGENIC 
WELL DEFINED 
IT. BORDERS < oee WELL DEFINED 
POORLY DEFINED 


* Con be uterine or extrauterine 


I. LOCATION 
AND SIZE 


I. INTERNAL 
CONSISTENCY 





Fig. 1.—Sonographic criteria. 


Of the pelvic lesions studied, categorical diagnoses 
(according to the criteria listed in figure 1) were correct 
in 91% of the cases, and histologically specific diag- 
noses were correct in 71% of the cases. When categori- 
cal diagnoses were considered, the most numerous 
errors were in complex pelvic masses (15%); the fewest 
errors were in the group of cystic pelvic masses (4%). 
Specific diagnoses were correct in 73% of the cystic 
pelvic masses and 73% of the solid lesions. When com- 
pared to the group of gynecologic masses, sonographic 
evaluation of obstetrical pelvic masses had a higher rate 
of correct specific (91%) and categorical (98%) diag- 
noses. 

Schemes for differential diagnoses are presented in 
table 1. By listing some masses in more than one cate- 
gory, the schemes take into account the specificity of 
each pattern relative to a certain type of pelvic mass. The 
specificity of a certain sonographic pattern for a partic- 
ular type of pelvic mass is listed for each commonly 
encountered mass (more than 10 cases) in table 2. 

Six patients were found to have pelvic lesions which 
were not related to an obstetric or gynecologic problem. 
These cases included lymphomatous masses, mesen- 
teric cyst, ectopic pelvic kidney, massively distended 
urinary bladder, and distended fluid-filled loops of small 
bowel which simulated the findings of a complex pelvic 
mass. 

Although it is well known that the size of the female 
reproductive organs vary according to age, parity, and 
endocrinologic factors, a range of normalcy for these 
structures was ascertained from the patients who were 
found to be clinically as well as sonographically free of 
pelvic disease. In general, uteri in these patients were 6- 
8 cm long and 3-4 cm wide. Uteri of multiparous patients 
were found to be 1-3 cm longer and wider than those in 
nulliparous patients, whereas infantile uteri averaged 3- 
5 cm in greatest length and tended to be tubular in 
shape. These estimations of normal uterine size agreed 
with the measurements cited in a major gynecology 
textbook [5] and with the data recently recorded by 
Sample et al. [6]. The uterine lumen became particularly 
echogenic during menses, and this phenomenon was 


used to help localize the uterus in relation to abnormal 
pelvic masses. 

Although quite variable in location, the ovaries of 
seven patients were identified on transverse tomograms 
as almond-shaped structures lateral to the uterine cor- 
pus. Normal ovaries were 1.5-3 cm long and 0.5 cm 
wide. Consequently, adnexal masses greater than 3 cm 
were considered abnormal. Internal structures as small 
as ovarian follicles could occasionally be identified in 
enlarged ovaries. Similarly, physiologic enlargement of 
corpus luteum cysts during the first trimester of preg- 
nancy can be recognized. 

Table 1 presents the sonographic features of the most 
commonly encountered pelvic masses in each sono- 
graphic category. The sonographic criteria used (fig. 1) 
were chosen on the basis of their diagnostic value and 
reproducibility [7]. These schemes are intended to serve 
as an outline for the sonographic evaluation of pelvic 
masses, even though masses which defy categorization 
according to this method may be occasionally encoun- 
tered. In such cases masses should be categorized 
according to their predominant sonographic component 
(e.g., complex, predominantly cystic mass of indetermi- 
nate origin). In addition, it should be mentioned that 
masses not specific to an obstetric or gynecologic dis- 
order can mimic the sonographic features of a frank 
pelvic mass. Pertinent clinical data such as age, present- 
ing symptoms, and physical findings must always be 
taken into account when formulating a differential diag- 
nosis using sonographic findings. 


Cystic Masses 


Although physiologic (functional) ovarian cysts were 
the most frequent type of cystic pelvic mass encountered 
in this study, several other masses had similar sono- 
graphic appearance (figs. 2A-2C). The majority of benign 
cystic masses appeared as well defined, spherical, com- 
pletely sonolucent masses (figs. 2A and 2B). On the 
other hand, inflammatory, neoplastic, or cystic masses 
which had undergone torsion frequently demonstrated 
an unusually thick wall or low level internal echoes 
corresponding to areas of organized hemorrhage, pro- 
teinaceous material, or cellular debris within the cystic 
mass (see fig. 3A) [8, 9]. 


Adnexal, Homogenous, Well Defined Borders 


Physiologic ovarian cyst. Sonographic evaluation of 
these masses led to a correct specific diagnosis in 17 of 
the 18 cases encountered. Physiologic or functional 
ovarian cysts appeared as well defined, spherical, and 
completely sonolucent masses which averaged 3.5 cm in 
diameter. In five cases, the cystic portion of the ovary 
could be delineated in close proximity to the unaffected 
portion. Unclotted blood within the cyst could be identi- 
fied by its layering effect or by change in its position 
when the patient was scanned in a different position. 
Organized clot could be recognized as an echogenic 
area within a cystic mass. An unusually thick wall was 
preoperatively recognized in one ovarian cyst that had 
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TABLE 1 
Sonographic Differential Diagnosis of Gymecologic Pelvic Masses 








Location, Internal Consistency and Definition 


Common 
of Borders 


Uncommon Rare 











Cystic Masses: 
Adnexal, homogenous, well de- 
finec borders 


EA 
Physiologic ovarian cyst 
Serous cystademona* 
Hydrosalpinx 
Endometrioma(s)t 


Pelvoabdominal, septated, well to 
moderately well defined borders. Pseudomucinous cystaden- 


oma (carcinoma)* 


Adnexal or pelvoabdominal, solid 
foci, well to moderately well de- 
fined borders 


Dermoid cyst 
Ectopic pregnancy 
Complex masses: 
Uterine, predominantly cystic, vari- 
able definition 


Intrauterine pregnancy 


Uterine, predominantly solid, well 
to moderately well defined bor- 
ders 


SD. PS OS CSO Rr eS Si EAA ey SSeS. om a ee 


Uterine leiomyoma” 


Extrauterine, predominantly cystic, 
moderately well defined borders. Tubo-ovarian abscess* 
Ectopic pregnancy 
Ovarian cystadenoma (carci- 
noma)* 
Extrauterine, predominantly solid, 
well to moderately well defined 
borders Degenerated or partially cys- 


tic solid ovarian tumor’ 


06 @ 2 Oe a 6) a a6) 6) 81k.) ele ew ee Buss 


Solid masses: 
Uterine, moderately echogenic, 


well defined borders Uterine leiomyoma* 


Extrauterine, mildly to moderately 
echogenic, moderately well de- 
fined borders Solid ovarian tumor’ (fi- 
broma, teratoma, adeno- 


Carcinoma) 


a0. 9 6, Oe. 20S Be © “Ore ei 6 es 


Indeterminate, variable echogenic- 
ity and definition 


2.) ee ses 2 ee } Oe 


Lymphocele 
Appendiceal abcess~ 
Mesenteric cyst* 
Peritoneal inclusion cyst 
Ureterocelet 


Dermoid cyst 
Paraovarian cyst 


Serous cystadenoma (carci- 
moma)* 

Loculated lymphocele 

Loculated pelvic abscess 


Tubno-ovarian abscess* 


Pyometrium Invasive trophoblastic tumor 


Adenomyecsis 


Uterine leiomyosarcoma 
Endometrial carcinoma” 


Fluid-filled loops of bowel Polycystic ovariest 


Endometrial carcinoma or 
sarcoma 
Uterine leiomyosarcoma 


Pedunculated leiomyoma 
Lymphoma“ 


Retroperitoneal tumor 
Ectopic pelvic kidney 


Lymphadenopathy§ 
Intraperitoneal fat 





* May present as pelvoabdominal mass. 
t Can be multiple 
t Usually bilateral. 
§ Usually multiple. 


undergone torsion. The clinical regression of functional 
Ovarian cysts after a trial of estrogen suppression was 
documented by serial sonographic examination in two 
patients. 

Serous cystadenoma. Although two of the large serous 
cystadenomas contained a few internal septae, the 
smaller serous cystadenomas (less than 5 cm) were 
unilocular and exhibited a sonographic appearance 
which was indistinguishable from other cystic adnexal 
masses (fig. 2B). This condition became clinically sus- 
pect in five patients when a palpable cystic adnexal mass 
failed to regress after appropriate therapeutic trial of 
estrogen suppression. 


Hydrosalpinx. The fallopian tubes in the nondistended 
state cannot be routinely identified by present-day scan- 
ners. However, when they become distended with in- 
flammatory material or serous secretions, these struc- 
tures became sonographically detectable as unilataral or 
bilateral fusiform sonolucent adnexal mass(es) (fig. 2C). 
Involvement of the ovary as part of the inflammatory 
mass (‘ubo-ovarian abscess) could not be reliably distin- 
guished from an inflammatory process involving only the 
oviduct (hydrosalpinx). When distended tubes contained 
pus, low level echoes within these structures could be 
identified. Unilateral hydrosalpinx was frequently found 
as a sequel to pelvic inflammation occurring wit. intra- 
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TABLE 2 
Pattern Specificity 


eee 
Sess 





hie. . Total No. of No. of Specific Pattern 
Mass Common Sonographic Features Masses with Masses with Specificity” 
Cases Pattern Pattern (%) 
Ovarian pseudomucinous cystadenoma .. 19 Predominantly cystic, pelvoabdom- 20 18 90 
inal, septated 
Unne IGIOMYVOMNG «6s cccscs ce cesses were 27 Mildly to moderately echogenic, 28 25 89 
nodular uterine enlargement 
ENGOMGINIOINGIS) 66.655 osiicawcvsww ens aen 12 Multiple cysts of various sizes 14 10 71 
Tub- ovarian GDSCOSS 6 iis sc cavccscacsdues 18 Complex, predominantly cystic, ad- 21 13 61 
nexal 
Damo OVEE iaiia 17 Complex with echogenic focus 18 9 50 
ECIODIC DTOONANCY «5 ci ciccaievescnaraces 19 Complex, extrauterine 35 14 40 
Physiologic ovarian Cyst . .....00scccc0evee 18 Cystic, adnexal 52 17 33 
Sorous CVSIRGONGING ir 16 Cystic, adnexal 52 12 23 
PVCIOSGRIDININ isea ee deer eees 12 Cystic, adnexal 52 10 20 





Note. — Masses with fewer than 10 cases not included. 


* Ratio of the number of times a particular mass displayed a certain sonographic appearance divided by the total number of times that pattern was encountered. 


uterine contraceptive devices or previous tubal surgery. 

Endometrioma(s). Endometriomas exhibited a similar 
sonographic appearance to other cystic adnexal masses 
except that they were usually multiple and of varied size 
(0.5-15 cm) (fig. 2D). Low level echoes were observed 
within two endometriomas which were later found to 
contain clotted blood. 


Pelvoabdominal, Septated, Well to Moderately Well 
Defined Borders 


Pseudomucinous cystadenoma. The numerous thin 
septae found within pseudomucinous cystadenomas led 
to a specific diagnosis in all 18 cases encountered. The 
complexity or arrangement of the internal septations did 
not bear any relation to the malignant properties of the 
mass (figs. 2E and 2F). However, masses which con- 
tained markedly irregular internal septations or were 
associated with ascites were more frequently malignant 
than benign (figs. 2G and 2H.) 


Adnexal or Pelvoabdominal, Solid Foci, Well to 
Moderately Well Defined Borders 


Dermoid cyst. Even though these masses demon- 
strated a wide spectrum of morphologic and sono- 
graphic features, the finding of a well defined focus of 
high level echoes within a predominantly cystic adnexal 
mass identified a dermoid cyst in approximately 50% of 
the cases (fig. 3E). As recently described by Guttman [9] 
and confirmed in our study, the hair ball and sebum 
commonly found within these masses is highly echo- 
genic both in vivo and in vitro. This factor might have 
contributed to an error of recognition of a dermoid cyst 
secondary to an inability to adequately delineate the 
boundaries of this mass. In one patient, a calcified 
fibroma adjacent to a follicular cyst was mistaken for a 
dermoid cyst. Only one-half of the dermoid cysts dem- 
onstrated by sonography revealed radiographically de- 
monstrable calcification. 

Ectopic pregnancy. This will be discussed in the sec- 
tion on complex masses, extrauterine and predominantly 
cystic. 


Complex Masses 


In general, complex masses contained both fluid and 
solid components. Consequently, this group consisted 
mainly of solid masses which had undergone cystic 
internal degeneration or cystic masses which contained 
organized clot, cellular debris, thick inflammatory fluid, 
or sebaceum. 


Uterine, Predominantly Cystic, Variable Definition 


Intrauterine pregnancy. Occasionally, an intrauterine 
pregnancy will be verified by sonography in a patient in 
whom this condition is not suspected. An intrauterine 
gestational sac is depicted as a rounded cystic mass 
within the uterine fundus. A small echogenic embryonic 
pole can be detected as early as 4 weeks after implanta- 
tion. 


Uterine, Predominantly Solid, Well to Moderately Well 
Defined Borders 


Degenerated solid uterine tumor. Although uterine 
leiomyoma (fibroids) were the most commonly encoun- 
tered mass in this category, other intrauterine tumors 
such as adenomyosis and endometrial carcinoma ex- 
hibited a similar sonographic appearance. Of the 25 
leiomyomas in this study, only six demonstrated a com- 
plex sonographic pattern. The majority of these leiomy- 
oma were found to have undergone cystic internal de- 
generation or calcific degeneration which was depicted 
by focal areas of echogenicity and distal acoustical 
shadowing. 


Extrauterine, Predominantly Cystic, Moderately Well 
Defined Borders 


Tubo-ovarian abscess. Moderately distended oviducts 
may be distinguished from other cystic adnexal masses 
because they retain their fusiform shape. However, when 
the oviducts become markedly distended, they assume a 
more rounded shape. A complex sonographic texture 
can be recognized (fig. 3A) when inflammatory fluid or 
cellular debris is contained within a tubo-ovarian ab- 
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Fig. 2.—Cystic pelvic masses. 


A, Transverse sonogram 4 cm above symphysis pubis showing homogenously cystic left adnexal mass (/arge arrow). Unaffected ovary (small acrow) 
and uterus (U) can also be identified. This physiologic ovarian cyst regressed after 1 mont trial of estrogen suppression. 

B, Transverse sonogram 5 cm above symphysis pubis showing homogenously cystic right adn2xal mass (arrow). This serous cystadenoma failed to 
regress after appropriate trial of estrogen suppression. Sonographic appearance is indistinquishable from ovarian cyst in A. 

C, Transverse sonogram 4 cm above symphysis pubis showing fusiform homogenously cystic, right adnexal mass (arrow). At surgery, massively 


distended oviduct or hydrosalpinx was found. 


D, Transverse sonogram 4 cm above symphysis pubis demonstrating multiple cystic masses of various sizes (arrows) representing multiple 
endometriomas Organized blood within these masses may emanate low level internal echoes. 

E and F, Longitudinal sonogram in midline (E) and transverse sonogram at level of umb lieus (F: showing large predominantly cystic pelvcabdominal 
mass with multicle internal septations (arrow). This appearance is highly specific for pseue amucinous cystadenoma. 

G and H, Transverse sonogram 4 cm above symphysis pubis (G) and 6 cm below xyphoid (H)-depicting predominantly cystic pelvic mass (arrows) 
which is associated with ascites (asterisks). At surgery, patient had malignant pseudomucimeus cystadenocarcinoma, ascites, and peritonea! implants. 


scess. The inflammatory fluid may layer out, causing a 
linear acoustical interface within the predominantly cys- 
tic mass (fig. 3A). Distended fluid-filled loops of small 
bowel may also simulate these findings even though, on 
occasion, a characteristic echo complex emanating from 
the valvuale conneventes or mucosa may be recognized 
[10]. 

Ectopic pregnancy. Because gestational sacs formed 
outside the uterus do not usually exhibit the easily 
recognizable oval ring seen with intrauterine pregnan- 
cies, this condition can be easily confused for other 
complex-appearing adnexal masses [11]. However, pa- 


tients with an ectopic pregnancy usually present with the 
fairly consistent clinical findings of amenorrhea, palpa- 
ble adnexal mess, and, if rupture and intraperitoneal 
bleeding aas occurred, acute blood loss and/or acute 
abdomina signs. 

The faci that approximately three-fourths of patiemts 
with ectopic gestations will experience vaginal bleeding 
makes differentiation of this condition from missed abor- 
tions clinically difficult [12]. However, if meticulous scén- 
ning techniques are followed, missed abortions can De 
differentiated from this condition by sonographic dem- 
onstration cf a ceformed gestational sac which is intra- 
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Fig. 3.— Complex pelvic masses. 
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A, Transverse sonogram 2 cm above symphysis pubis showing complex left adnexal mass with linear internal interface (arrow). This tubo-ovarian 


abscess contained 20 ml of pus which layered in supine position. 


B, Transverse sonogram 6 cm above symphysis pubis showing complex 


left pelvic mass with linear echo interface centrally. At surgery, patient was 


found to have small bowel obstruction secondary to adhesions with markedly distended fluid-filled jejunum. Pattern of linear echoes oriented 
perpendicularly to central interface probably emanated from valvulae conniventes (arrow). 

C and D, Longitudinal scan at midline (C) and transverse scan 4 cm above symphysis pubis (D) showing complex, poorly defined retrouterine mass 
(arrows). u = uterus. Possibility of ectopic pregnancy was raised by sonogram even though by palpation mass was thought to represent retroflexed 
uterus. Ruptured ectopic tubal pregnancy was subsequently found. Echoes seen on transverse scan probably emanated from small fetus and clotted 


blood which was found in region of ruptured right oviduct. 


E, Longitudinal scan at midline showing complex, predominantly solid mass anterior to uterus (U). Focus of high level echoes within mass (arrow) 
corresponded to areas of radiologically demonstrable calcifications. Dermoid cyst contained tooth and large amount of sebaceum. 

F, Longitudinal scan at midline showing cystic pelvic mass anterior to uterus (arrows). Mass also was dermoid cyst but contained predominantly 
cerebrospinal fluid. Variety of sonographic appearances of dermoid cysts is demonstrated in E and F. 


uterine. Although an extrauterine complex adnexal mass 
can be identified in the majority of cases of ectopic 
gestation (12 of 14 cases), occasionally only secondary 
signs of an ectopic gestation such as free intraperitoneal 
fluid or an enlarged uterus with an echogenic lumen can 
be found (figs. 3C and 3D). A negative sonogram, there- 
fore, should not exclude further clinical evaluation of a 
patient suspected of having an ectopic gestation. 


Extrauterine, Predominantly Solid, Well to Moderately 
Well Defined Borders 


Degenerated or partially cystic solid ovarian tumors. 
As stated previously, dermoid cysts demonstrate a wide 
variety of sonographic appearances. About one-third of 
dermoid cysts exhibited a complex, predominantly solid 
sonographic appearance which contained at least one 
focus of high level echoes (fig. 3E). Other solid ovarian 
masses such as dysgerminomas or sex cord tumors 
which characteristically contain areas of cystic internal 
degeneration also consistently demonstrated a complex 
sonographic appearance. 


Solid Masses 


The majority of solid masses have an echogenic tex- 
ture which can be enhanced by increased sensitivity 
settings. As observed in the in vitro and in vivo images of 
lymphomatous masses (fig. 4D) and a nondegenerated 
uterine leiomyoma (fig. 4A), the echogenicity of a mass 
seems to be related to the amount, arrangement, and 
elasticity of its stromal components [12-14]. 


Uterine, Moderately Echogenic, Well Defined Borders 


Uterine leiomyoma. As stated previously, the sono- 
graphic appearance of these masses was related to the 
amount and type of internal degeneration that had taken 
place within the mass. Their relatively homogenous his- 
tologic texture is mildly to moderately echogenic at 
routine gain settings (fig. 4A). These masses usually 
produce nodular enlargement of the uterine outline. The 
sonographic localization of leiomyomas associated with 
pregnancy is of clinical importance since cervical leio- 
myomas may cause significant uterine dystocia and 
prohibit vaginal delivery altogether (fig. 4B). Interest- 
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ingly, leionmyomas found with pregnancy tend to become 
more sonolucent as the pregnancy progresses, perhaps 
because cf increased blood flow to the uterus (fig. 4B). 
Predictiors concerning the benign or malignant proper- 
ties of a leiomyoma were not reliable, since patients with 
endometrial carcinoma and sarcoma exhibited sono- 
graphic fimdings similar to those with benign leiomy- 
omata. 


Extrauterine, Mildly to Moderately Echogenic, 
Moderately Well Defined Borders 


Solid ovarian tumor. \n general, solid ovarian tumors 
are less common than cystic ones. Small solid ovarian 
tumors can sometimes be difficult to distinguish from 
surrounding soft tissue because of their acoustic similar- 
ity. Benigr solid ovarian tumors included ovarian fibro- 
mas (Brerner tumor), whereas adenocarcinoma and 
metastatic ovarian tumors (including Krukenberg tumor) 
represented the malignant varieties (fig. 4D). 


Indeterminate Location, Variable Echogenicity and 
Definition 

Bowel. Occasionally, large bowel filled with fecal ma- 
terial or large solid tumors of the gastrointestinal tract 
can be confused for a solid pelvic mass. These ‘‘pseudo”’ 
masses may be recognized by their peristaltic motion as 
detected by real-time scanning or by their cystic appear- 
ance after a water enema has been administered. In 
general, the nature of these masses is best documented 
by an abdominal radiograph or by contrast gastrointes- 
tinal series. 


Fig. 4.—Solid pelvic masses. 

A, Longitudinal scan at midline showing echogenic mass causing nodular enlargement of uterus 
(arrows). Dense arrangement of connective tissueand smooth muscle in this uterine leiomyoma probably 
accounts for echogenicity of these masses. 

B, Longitudinal scan at midline showing poorly transonic mass in lower uterine segment (arrows) 
associated with first trimester pregnancy. In this leiomyoma, increased vascular supply to Uterus during 
pregnancy may account for diminished echogenicity. 

C, Longitudinal scan at midline showing solic, poorly defined mass anterior to uterus (arrows). At 
surgery, solid teratoma was found. 

D, Longitudinal scan at midline snowing extrauterine, mildly echogenic mass which represented 
metastatic B cell lymphoma to ovary. B = bladder. Although lymphomas are solid masses, their 
characteristically sparse stroma probablyaceounts for their minimal echogenicity. 


Discussion 


Our experience concerning the sonographic evalua- 
tion of gynecologic pelvic masses agrees closely with 
that recently reported by Lawson and Albare'li [15]. In 
the majority of cases, sonography affords an accurate 
assessment of the presence, size, location, and internal 
consistency of a pelvic mass. These data, in turn, can be 
used to formulate the most likely diagnostic possibilities. 
Since only six patients with negative scans underwent 
surgery, the exact number of true and false negative 
cases could not be determined. 

A few pelvic masses were found to have a variety of 
morphologic consistencies, which explains their varied 
sonographic appearances. Most notable among these 
masses was the dermoid cyst which varied from com- 
pletely cystic to a complex, predominantly solic pelvoab- 
dominal mass. As a consequence of their lack cf consist- 
ent features, such masses are considered in more than 
one sonographic category (table 1). Occasionally, cer- 
tain sonographic features were specific for a particular 
type of pelvic mass (table 2). These include the thin 
interna! septations seen within pseudomucinous cystad- 
enomas and the echogenic appearance and nodular 
configuration of leiomyomatous uteri. 

The majority of errors in specification of mass lesions 
occurred in the complex and solid pelvic mass cate- 
gories. These errors might be attributed to suboptimal 
scanning techniques (e.g., improper transducer angula- 
tion or gain settings) combined with the intrins c acous- 
tical similarity of some solid soft tissue masses compared 
to surrounding soft tissue structures. 
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Although the exact role of sonography is yet to be 
established, its noninvasive and atraumatic qualities 
make it particularly desirable for the initial evaluation of 
a child or woman with a pelvic mass [16-18]. Sonography 
permits determination of the size, location, and internal 
consistency of abnormal soft tissue masses and provides 
an objective means for serial examination of the size of a 
mass during or after therapy. The ability to make a 
specific diagnosis by sonography is particularly useful 
when a pelvic mass is found concomitant with an intra- 
uterine pregnancy or when nonsurgical management is 
considered. Lymphadenopathy or ascites associated 
with a pelvic neoplasm can also be detected by sonog- 
raphy and have significant clinical importance [19]. The 
schemes presented here have proved effective in formu- 
lating a differential diagnosis of a pelvic mass based on 
its clinical presentation and sonographic features. 
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Incidence of Growth Lines in Psychosocial Dwarfs and Idiopathic 
Hypopituitarism 


RAMIRO J. HERNANDEZ,' ANDREW K. POZNANSKI,’ NANCY J. HOPWOOD,? AND ROBERT P. KELCH?2 


The presence of growth lines in the distal radius was 
evaluated pror to treatment in 23 psychosocial dwarfs and 25 
patients with idiopathic hypopituitarism. The lines were very 
common in tne psychosocial dwarfs and rare in the pituitary 
dwarfs (P = .0005). This finding can be explained by the 
fluctuating adverse environment to which the psychosocial 
dwarf is expesed and the constant lack of growth in hypopitui- 
tary patients. Therefore, in the absence of systemic disease, 
when growth lines are present in a patient with short stature 
or failure to thrive, a thorough review of the patient’s psycho- 
social environment should be made. 


In the evaluation of a child with failure to thrive, one 
difficulty is the differentiation of psychosocial dwarfism 
from idiopathic hypopituitarism, particularly since the 
psychosocial dwarf may have acquired hypopituitarism 
[1]. As described by Barbero and Shaheen [2], psycho- 
social dwar‘ism is characterized by: (1) weight below the 
third percentile, with subsequent weight gain after ap- 
propriate nurturing; (2) developmental retardation, with 
subsequent acceleration of development after appropri- 
ate stimulation and nurturing; (3) no evidence of sys- 
temic disease er abnormality to account for the initial 
growth failure; (4) clinical signs of deprivation which 
improved with nurturing; and (5) significant environmen- 
tal psychosocial disruption. This paper evaluates the 
incidence cf growth lines (Harris, Park lines) in these 
children and their possible application in differentiating 
these two entities. 


Subjects and Methods 


The raciographs of 23 psychosocial dwarfs (13 females and 
10 males) and 25 patients with idiopathic hypopituitarism (19 
males anc six females) were reviewed by two of us (R. Hernan- 
dez, A. K. Poznanski). Four additional patients with panhypopi- 
tuitarism alsc hac adverse psychosocial factors. The age range 
for the psychosocial dwarfs was 2-15 years (average, 5.9 years), 
whereas patients with idiopathic hypopituitarism were 1 month 
to 21 years (average, 7.75 years). 

The breakdown of the different diagnostic categories is 
shown in tab 1. All patients were evaluated thoroughly by the 
pediatric endecrinology section. The diagnoses of psychosocial 
dwarfism anc idiopathic hypopituitarism were made by estab- 
lished criteria@[1-4]. 

Films selected for the study were posteroanterior views of the 
hands before treatment, since they were available in all cases. 
We interpreted transverse lines of bone which exceeded one- 
half of the radial shaft as presence of growth lines. Poorly 
defined short transverse trabeculae were interpreted as absence 
of growth lines. 


Receivec March 3, 1978; accepted after revision May 12, 1978. 


Results 


Of the 22 patients with growth lines, 20 were psycho- 
social dwarfs; of the 26 patients with no growth lines, 
only three were psychosocial dwarfs while 23 had idi- 
Opathic hypopituitarism (x? = 27.25, P < .0005). The 
distal radius was the area which most often showed the 
growth lines (fig 1A). The distal radius of a patient with 
growth hormone deficiency is illustrated in figure 2. 

A few of the psychosocial dwarfs had radiographs of 
the knees which, as expected, showed the growth lines 
(fig. 1B) to better advantage. The four patients with a 
combination of hypopituitarism and psychosocial factors 
all had growth lines, while only two of 25 patients with 
hypopituitarism alone had these lines. 


Discussion 


The relation of growth lines to temporary arrest of 
growth due to disease or trauma has been clearly estab- 
lished [5]. Blanco et al. [6] found that Guatemalan 
children with growth lines in the distal radius showed a 
consistent tendency to be shorter than children without 
such lines. Mackay [7] observed that children with de- 
layed skeletal maturity had increased numbers of growth 
lines. 

Mainutrition has been implicated as a cause of growth 
lines. Several authors [8-10] have produced growth lines 
in animals with different deficient diets. Jones and Dean 
[11] found a higher incidence of growth lines in patients 
with kwarshiorkor than in controls. Dreizen et al. [12], to 
the contrary, found no difference in the incidence of 
growth lines between nourished and malnourished chil- 
dren. Some psychosocial dwarfs have a thin habitus 
suggesting some degree of malnutrition. However, al- 
though the actual caloric intake is difficult to evaluate in 
these children, it seems that malnutrition, when present, 
is usually not due to inadequate caloric intake. 


TABLE 1 
Summary of Diagnoses 








Diagnosis No. Cases 

POVETIPORCIA! TIWEITS. kaki EE E 23 
Idiopathic hypopituitarism: 

goana a r a E ES E EET 6 

Partial isolated growth hormone deficiency .......... 6 

Isolated growth hormone deficiency................. 9 

Multiple deficiencies .............. 0... cece cece 4 
Psychosocial and panhypopituitarism ................. 4 
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Fig. 1.—A, Distal radius of psychosocial dwarf with several growth lines. Chronologic age, 6 years 10 months; skeletal age, 4 
years. B, Anteroposterior view of knees showing multiple growth lines. 





Fig. 2.—Distal radius of patient with isolated 
growth hormone deficiency. Chronologic age, 8 
years 9 months; skeletal age, 6 years. Note absence 
of growth lines. 


Growth lines have also been related to emotional 
factors [13]. Capitanio and Kirkpatrick [14] and Gloebl et 
al. [15] noticed the presence of growth lines in psycho- 
social dwarfism. Saenger et al. [16] documented a drop 
in the growth rate from 3 cm/month to 0.5 cm/month due 
to emotional trauma, with unchanged caloric intake in an 
8-year-old psychosocial dwarf. Others [17, 18] have re- 
ported similar observations. 


To explain the greater incidence of growth lines in 
psychosocial dwarfism compared with idiopathic hypo- 
pituitarism, the factors that produce a growth line (arrest 
of growth and recovery [10]) must be examined. As 
Powell et al. [4] have stated, ‘The growth observed was 
unusual in that both acceleration and deceleration oc- 
curred rapidly with a change in environment. Possibly 
environmental changes occur even with the disturbed 
homes... .”’ Psychosocial dwarfs often have fluctuating 
growth, including periods when growth far exceeds 
normal. In idiopathic hypopituitarism, growth remains 
slow with little or no fluctuation until treatment. When 
growth lines are associated with delayed skeletal age in 
a patient who fails to thrive from unknown cause, psy- 
chosocial dwarfism should be considered. 
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Osteogenic Sarcoma after the Age of 50: A Radiographic Evaluation 


LUIS ALONSO deSANTOS,' JAN-ERIK ROSENGREN, WAYNE B. WOOTEN, AND JOHN A. MURRAY 


Twenty-four cases of primary osteosarcoma in individuals 
over the age of 50 are described. This represents 6% of all 
osteosarcomas and 80% of osteosarcomas occurring over the 
age of 50 at this institution. Radiographically, features were 
similar to osteosarcoma in younger individuals. Females were 
more frequently affected than males (2.4:1). The radiographic 
features are discussed in detail, and the differential diagnosis 
outlined. 


The occurrence of osteosarcoma over the age of 50 has 
generally deen considered a sarcomatous transforma- 
tion of Pacet’s disease or some other benign bone lesion 
as well as a complication of irradiation, either endoge- 
nous or exogenously administered [1, 2]. Isolated cases 
and general statements about primary osteosarcoma in 
patients over the age of 50 have appeared within general 
studies of osteosarcoma [3-6]. Although extensive liter- 
ature is available on the clinical and radiographic fea- 
tures of osteosarcoma, little attention has been paid to 
the radiog-aphic features of primary osteosarcomas in 
older patie tts. 

This paper illustrates the radiographic spectrum of 
osteosarcoma in the elderly and presents some epidemi- 
ologic considerations. 


Materials and Methods 


The clinica! and radiographic files of M. D. Anderson Hospital 
and Tumor Imstitute were reviewed for all cases of histologically 
documented skeletal osteosarcoma seen between 1946 and 
1975. Those over the age of 50 were selected for this study. The 
medical reccrds were reviewed for age, sex, presenting symp- 
toms, and presence of any underlying local disease in the area 
involved or a history of prior treatment administered locally, 
particularly radiation therapy. All cases with underlying abnor- 
mal bone in fhe area as well as those with prior radiation to the 
anatomic region were eliminated. The history of trauma not 
leading to frecture at the site of tumor or fracture remote to the 
present tumcr were not considered eliminating factors. 

The clinical course, particularly the presence or appearance 
of metastatic disease, was recorded. When available, autopsy 
data were reviewed. All radiographs were studied for site of 
Origin within -he bone, size of the tumor, character of the tumor 
boundaries, nature of the tumor matrix, type of periosteal 
reaction, and presence of soft tissue mass. In patients admitted 
to M. D. Anderson Hospital after primary care of the local lesion, 
the outside radiographs and pathologic material were reevalu- 
ated to assure consistency of diagnostic criteria. 


Findings 


Twenty-four patients over the age of 50 with de novo 
osteosarcoma were found among 397 cases of osteosar- 
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coma seen between 1946 and 1975. All patients were 
Caucasian except one. The 17 females and seven males 
rangec in age from 50 to 75 (median, 60). Eleven patients 
were 5@-59 years old, 12 were 60-69 years, and two were 
over 70. The female-male ratio was 2.4:1. 

The most common presenting symptom was pain for a 
median of 2 months before diagnosis. All patients had 
Surgical resection of the tumor. Approximately one-third 
also had local radiotherapy, another third had systemic 
chemotherapy, and the remaining third had no additional 
treatment. Fifteen patients developed metastatic dis- 
ease; 13 had lung metastases. Four patients had metas- 
tases to the skeleton; of these, three also had lung 
metastases, and three had metastatic deposits to the 
local and regional lymph nodes. The time of appearance 
of metastatic disease ranged from 0 to 64 months 
(median, 5 months). Survival ranged from 1 month to 12 
years «median, 2 years). Only two patients are presently 
alive 7 and 5 years, respectively, after diagnosis. 


Radiographic Features 


Site. The anatomic locations are shown in table 1. 
Within the mandible, the right and left sides were af- 
fected with equal frequency. In the pelvis the most 
common location was the iliac bone, with only one case 
seen in the pubis. Within the long bones the metaphyseal 
or metaphysodiaphyseal junction was the site of origin 
of all tumors with the exception of two: one that was 
middiapnyseal in the tibia (fig. 1) and one seen in the 
distal phalanx of a digit. All except one lesion had the 
epicentrum within the medullary cavity of the involved 
bone. The exception was a cortical tumor located in the 
medial aspect of the distal femoral metaphysis (fig. 2). 
There were nine lesions on the left side and six on the 
right. 

Size. The lesions ranged from 1.5 x 2cmto9 x 14cm 
(average 8 x 7 cm). Most of the lesions were over 5 cm 
when first seen. 

Tumor matrix. Most of the lesions were osteoblastic 
radiographically, but only in eight could the diagnosis of 
calcified osteoid be made in the films with certainty (fig. 
3). Two lesions were considered purely lytic: one in the 
scapula (*ig. 4) and one in the maxilla. Two lesions had a 
purely permeative pattern radiographically. One tumor in 
the midsnaft of the tibia had calcified matrix that was 
considered cartilaginous (fig. 1). 

Tumor Doundaries. With the exception of four lesions, 
radiographs showed poorly defined aggressive zones of 
transition between the tumor and the recognizable adja- 


' All authors: Department of Diagnostic Radiology, University of Texas System Cancer Center, M. D. Anderson Hospital and Tumor Institute, 6723 
Bertner Avenue, Houston, Texas 77030. Address reprint requests to L. A. deSantos. 
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TABLE 1 


Location of Osteosarcomas 























Location No. 
Head: 

Maxilla and nasal and frontal bone .... 1 
RN I ei os es hk entre dar ge eats T 1 
J) i es ee se eae 6 

Upper extremity: 
IN A EE T EET ET E tau 1 
HUMUS oe eg ds Rhee Wee a naa 1 
i, re re ee re eee eee 1 
NN EE as le as ss dt A E ciel E aN 4 

Lower extremity: 
EE os ca a eta aawe ene cance eeey 8 
aa DE E ee E ee ek eens E A 1 
WE EEEE E A E Ss 24 











Fig. 1.—54-year-old male with midtibial osteosar- 
coma. Margins of lesion cannot be defined. Area of 
endosteal scalloping (arrow) and calcified matrix in 
form of isolated densities (arrowheads) simulate radi- 
ographic features of central chondrosarcoma. 


cent normal bone. Of the four exceptions, two were the 
previously indicated purely lytic lesions (fig. 4). One was 
a cortical lesion in the distal femur that appeared as a 
dense tumor attached to the cortex without invasion (fig. 
2). The other was a midshaft tumor lesion of the tibia in 
which calcified matrix could be seen in the medullary 
cavity, but the tumor margins could not be defined (fig. 
oh 

Periosteal reaction. Periosteal reaction of any kind 





Fig. 2.—Cortical osteosarcoma. Relatively homogenous dense lesion 
involves medial cortex of distal femoral metaphysis (arrowheads). No 
medullary involvement could be seen, but no tomograms were available. 


= 





Fig. 3.—59-year-old female with distal femoral os- 
teosarcoma. Large extremely dense lesion is demon- 
strated. Presence of calcified osteoid matrix outside 
medullary cavity of shaft is radiographically pathogno- 
monic for osteosarcoma. 


was extremely infrequent, and even extensively destruc- 
tive lesions presented scanty reaction. The ‘“spiculated 
type of periosteal response was seen in only two cases, 
one in the mandible and one in the pelvis. 

Extraosseous extent. The presence of a soft tissue 
mass component beyond the area of cortical or cancel- 
lous bone destruction was demonstrated radiographi- 
cally in 14 cases (fig. 9). Osteoid calcification was seen 
within the mass in approximately half of these cases (fig. 
6). Angiography was performed only in one case of 
osteosarcoma of the proximal humerus. A large hyper- 





Fig. 4.—Purely lytic osteosarcoma in 50-year-old female. No visible 
matrix is cresent. Margins of lesion are sharp without sclerosis (arrow- 
heads). Mveloma was considered, but open biopsy revealed osteosar- 
coma. Open arrow indicates biopsy defect. 


vascular mass was demonstrated with obvious tumor 
vessels within its interior. The arteriogram accurately 
outlinec the tumor extent. 


Discussion 


Ostecsarcoma is a rather uncommon tumor compris- 
ing approximately 0.2% of all malignancies, with an 
incidence of 0.4 per 100,000 population [7, 8]. Despite 
its infrequency, it represents from 21% to 39% of all 
malignant primary bone tumors and therefore is an 
important consideration in the differential diagnosis of 
bone lesions [8]. The highest incidence is in the second 
and third decades, with 70%-91% of all lesions oceurring 
below the age of 30 [5]. 

It is commonly stated in the literature that osteosarco- 
mas appearing over the age of 50 are secondary lesions 
and mot “de novo” [1, 2, 9]. However, in one series of 23 
osteesercomas in patients over the age of 50 [10], 50% 
had no evidence of antecedent disease or treatment. 
Similar'y, 11 of 22 patients with osteosarcoma occurring 
over the age of 40 reported by Weinfield and Dudley [4] 
were censidered primary in origin. In our series 24 cases 
of primary osteosarcoma were seen among 30 patients 
with osteosarcoma over the age of 50, an incidence 
higher than those two previous groups. 

The osteosarcomas in the present series had radio- 
graphic features and an anatomic distribution similar in 
all respects to osteosarcoma in younger patients. This is 
contrary to the belief that osteosarcoma occurring in 
older patients has atypical radiographic features and 
differemt anatomic distribution [10]. The female:male 
ratio was 2.4:1, compared to the 1.5-2:1 male prepon- 
derence in the second and third decades [3, 5]. The 
reason for this is not clear, and it would be of interest to 
see if this occurs in other series. 

AIl lesions were of considerable size when first seen, 
and osteoid-type calcification could be demonstrated in 





Fig. 5.—Diszal femoral osteosarcoma in a 53-year-old female. A, Anteroposterior projection demonstrates permeative lesion in lateral metaphyseal 
region. B, Lateral projection reveals large soft tissue mass component posteriorly (arrowheads) simulating primary soft tissue lesion. 


Are at 





Fig. 6.—Osteosarcoma of ileum. Unquestionable calcified extraos- 
seous osteoid is seen (arrows). In addition, osteoblastic areas within iliac 
bone indicate intraosseous extent of disease. 


approximately one-third of the cases (figs. 3 and 6). The 
presence of osteoid calcification outside the bone of 
origin clearly defines the osteogenic nature of the lesion. 
Occasionally the destructive process of metastatic dis- 
ease may carry small fragments of cortical bone into the 
soft tissues simulating tumor new bone formation. The 
linear rather than poorly defined nature of the calcifica- 
tion is usually sufficient for differential diagnosis. The 
presence of a soft tissue mass can be seen in both 
metastatic and primary bone tumors. However, the pres- 
ence of a large soft tissue mass favors a primary malig- 
nant tumor such as osteosarcoma (fig. 5B). In the purely 
lytic lesions the diagnosis may be difficult. Depending 
upon the location, metastatic as well as benign proc- 
esses should be considered in the differential diagnosis. 
One lesion had inner cortical scalloping and intramedul- 
lary densities simulating the radiographic features of 
central chondrosarcoma. Osteosarcomas appearing as 
an area of bone permeation without tumor new bone 
formation could not be differentiated from metastatic 
disease radiographically. The absence of periosteal re- 
action was a remarkable feature of osteosarcoma in this 
age group. In two patients a spiculated periosteal pattern 
was present, but due to the blastic nature of the spicules 
this probably represented tumor new bone formation 
rather than periosteal reaction per se. 

Two varieties of osteosarcomas are known to occur in 
older individuals. The first is osteosarcoma in the jaw 
bones, which has its maximum occurrence approxi- 
mately 10-15 years later than peripheral osteosarcoma 
[11]. The second is parosteal osteosarcoma, with a peak 
incidence two decades beyond that of the juvenile type 
osteosarcoma [12]. These two types of osteosarcomas, 
however, are distinctly uncommon beyond the sixth 
decade. The two combined constitute approximately 
one-third of the total number in this series. 


The differential diagnosis of osteosarcoma over the 
age of 50 rests primarily upon the differentiation from 
metastatic disease and multple myeloma. As a general 
rule, metastatic deposits in bone appear radiographically 
as permeative lesions with poorly defined tumor bound- 
aries. Scanty periosteal reaction and either no soft tissue 
mass or a relatively small one favor metastatic disease. 
Metastatic disease, primarily from prostatic and breast 
carcinoma and less frequently from other etiologies, may 
appear radiographically as osteoblastic lesions resem- 
bling a primary bone tumor. However, calcified matrix is 
not seen outside the host bone in metastatic deposits. 
Some metastases, particularly from prostate, may in rare 
instances produce spiculated periosteal reaction simu- 
lating the presence of tumor osteoid in the adjacent soft 
tissues. 

Multiple myeloma will be a differential diagnostic con- 
sideration only with purely lytic osteosarcomas in which 
no calcified osteoid is seen and in which the tumor 
margins are better defined. In our two cases with purely 
lytic presentation (fig. 4), no differentiation could be 
made by radiographic features alone. In the rare case of 
myeloma presenting with increased bone density, no 
calcification occurs outside the bone of origin. 

Although osteosarcoma arising “de novo” in the older 
patient remains an unusual tumor, its occurrence is 
significant. Unlike other bone tumors, osteosarcoma is 
seen with some frequency throughout life, though its 
incidence slowly tapers with increasing age. Osteosar- 
coma should be considered when evaluating a malig- 
nant-appearing tumor in the skeleton of an elderly pa- 
tient. 
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Multiple Constrast Injections in Epidural Venography 


PETER E. GIUSTRA,' JOHN W. WICKENDEN,? ROBERT S FURMAN,? ROGER W. WICKENDEN,? 
AND PAUL J. KILLORAN' 


Multiple contrast injections were necessary in 65% of the 
140 epidural venograms performed at the Penobscot Bay 
Medical Center between January and December 1977. Several 
examples of the value of multiple injections are illustrated. 
Institutions interested in performing epidural venography or 
those performing the examination on a limited basis should 
be aware of the need for multiple injections, allowing time for 
reviewing the initial series of radiographs, for reloading the 
film changer and injector, and for repeating fluoroscopy and 
catheter manipulation. 


“Selective epidural venography has established itself as 
a low risk, highly accurate, radiologic examination in the 
diagnosis of clinically suspected lumbar disc disease” 
[1]. The technical aspects of the examination have been 
reported [2-4]. These authors suggest that bilateral epi- 
dural venous filling is usually achieved with a single 
injection of contrast material into an ascending lumbar 
or presacral vein. Our experience demonstrates that 
multiple injections are an integral part of epidural venog- 
raphy in over 60% of the patients undergoing the proce- 
dure. 


Case Material and Results 


Between January and December 1977, 140 epidural 
venograms were performed at the Penobscot Bay Medi- 
cal Center with respectable diagnostic accuracy (table 
1). Multiple injections utilizing 40 ml of Renografin-60 
were necessary in 65% of the procedures (76 patients 
had two injections, 13 had three, and two had four). 
Several examples of the necessity and value of multiple 
injections are illustrated (figs. 1-5). 


Discussion 


Epidural venography is not a difficult diagnostic pro- 
cedure, but it can be time consuming. Although the 
examination is usually completed in 30-40 min, there 
may be instances where it takes twice that time. In our 
experience. the most frequent cause of a prolonged 
examination is the necessity for multiple contrast injec- 
tions. There has been no way to predict the degree of 
final epidural venous filling from test injections under 
fluoroscopy. The low venous pressure within the epi- 
dural system seems to be altered unpredictably depend- 
ing on the degree of abdominal compression and the 
intensity of Valsalva maneuver. Injection into one vein 
may produce filling of veins not opacified by an earlier 
injection into a similar or different vein (fig. 2). The 
presence of venous compression or occlusion from disc 
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herniation also apparently alters the venous flow and 
can result ir incomplete epidural venous filling either 
caudal or cranial to the level of disc herniation. Opacifi- 
cation of the inferior mesenteric vein via a presacral 
injectian illustrated altered venous flow in two petients 
with obstruczed anterior internal vertebral veins at L4- 
L5, both with surgically confirmed disc disease. 

Although veins caudal to the site of pathology are 
most eften evaluated with a presacral injection and veins 
cranial to the site are better demonstrated via an ascend- 
ing lumbar vein injection (figs. 2, 3, and 5), ir rare 
instances the opposite is true (fig. 1). Even in the ab- 
sence ef pathology, multiple injections have beer nec- 
essary (figs. 2 and 4). The epidural veins caudal to L4 are 
opacif ed best during the presacral injection (fig. 4, and 
those cranial to L4 are poorly demonstrated; just the 
opposite is true with the left ascending lumbar injection. 
Clearly. both injections are necessary for complete eval- 
uation of the epidural venous plexus. 

Of the 40 positive venograms in patients who under- 
went laminectomy and disc excision, 30 studies required 
more than one injection. Multiple injection venocrams 
provid= more accurate diagnosis by providing more 
complete verous filling (figs. 2-4) or by documenting 
venous abnormality suspected on the initial injection 
(figs. 1 and 5). 

Our protocol utilizes a left femoral vein puncture in all 
patients regardless of the side of symptoms. Although 
our initil injection was into a left ascending lumbar vein 
[1], we now prefer to inject a right presacral vein from a 
left femoral vein puncture. This is followed by a left 
ascending lumbar vein injection if necessary. Injection 
into the eft ascending lumbar vein initially usually results 
in softening and loss of curve of the thin-walled no. 5 
French catheter, making subsequent catheterization of 
the right presacral vein more difficult. 


TABLE 1 
Diagnostic Accuracy of Epidural Venography 





Surgical Findings 





Venography No. Cases 
Positive Equivocal Negative 
Positive ..... 40 40* 0 1 
Equivoca ... 3 1 2 0 
Negative .... 5 3 2 0 





Note. — Data on 48 surgical cases. 

* One patient had disc disease surgically confirmed at L4-L5 and L5-S1. The 
epidural verogram was positive at both levels but initially reported to be abaormal 
only at L5-5". 


' Department of Radiology, Penobscot Bay Medical Center, Rockland, Maine 04841. Address reprint requests to P. E. Giustra. 
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Fig. 1.—A, Right presacral injec- 
tion from left femoral vein puncture 
shows no opacification of epidural 
veins at L5-S1 or L4-L5. B, Left 
ascending lumbar injection provides 
excellent filling of all epidural veins. 
Anterior internal vertebral veins at 
L5-S1 on left are occluded (X). 
Those at L4-L5 are bilaterally com- 
pressed and displaced laterally (ar- 
rows). Disc disease was surgically 
confirmed at both levels in this 29- 
year-old male. 


Fig. 2.—A, Right presacral injec- 
tion (arrow) opacifies large ascend- 
ing lumbar system and minimally 
opacifies right anterior internal ver- 
tebral veins; no opacification of 
veins on left side. B, Repeat injec- 
tion into adjacent presacral vein (ar- 
row) provides normal venogram in 
this 31-year-old female. 


Fig. 3.—A, Left ascending lumbar 
injection opacifies adequately only 
epidural veins above L5. B, Right 
presacral injection provides excel- 
lent opacification of epidural veins 
proximal tc L4. Anterior internal ver- 
tebral veins are occluded at L4-L5 
on right (arrows). Herniated disc 
was surgically confirmed in this 22- 
year-old male. Veins distal to L4 are 
better opacified in A. (Reprinted 
with permission from [1]) 


Fig. 4.—A, Right presacral injec- 
tion shows normal anterior internal 
vertebral veins on right. Veins above 
L4 on left are poorly demonstrated 
(arrows). B, Left ascending lumbar 
injection shows well opacified mor- 
mal epidural veins. Anterior internal 
vertebral veins at L5-S1 (X) are filled 
more completely in A. Combination 
of both injections gives normal 
study in this 32-year-old female. 
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Institutions interested in performing epidural venogra- 
phy or those performing the examination on a limited 
basis should be aware of the need for multiple contrast 
injections. Appropriate time should be allocated for 
reviewing the initial injection radiographs, for reloading 
the film changer and injector, and for repeating fluoros- 
copy and catheter manipulation. 
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Fig. 5.—A, Right presacral injec- 
tion shows occluded anterior inter- 
nal vertebral veins at L4-L5 bilat- 
erally but poor opacification of veins 
above this level. Veins at L5-S1 are 
well opacified and normal (arrows). 
B, Left ascending lumbar injection 
confirms occluded anterior internal 
vertebral veins at L4-L5 (XX) and 
provides excellent filling of veins 
above. Surgery confirmed herniated 
disc disease in this 34-year-old fe- 
male. Normal veins at L5-S1 (ar- 
rows) are filled adequately only inA. 
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Radiologic Assessment of Pituitary Microadenomas 


WILLIAM D. ROBERTSON' AND THOMAS H. NEWTON? 


Radiographs of 146 patients who had a pituitary adenoma 
removed by the transsphenoidal approach were reviewed. 
The area and volume of the sella were measured in all the 
patients. In 73 patients the sella had a normal size and 
appearance as shown on routine lateral and frontal radio- 
graphs. However, thin-section tomograms of the sella in these 
patients demonstrated findings indicative of an intrasellar 
mass in all but three instances. The diagnosis of pituitary 
microadenoma (adenoma less than 1.5 cm in diameter) may, 
therefore, be missed if only plain skull radiographs are used to 
assess the sella. No correlation could be shown between the 
location of the sellar changes seen using thin-section tomog- 
raphy and the histologic type of pituitary adenoma. 


The detection of pituitary microadenomas (tumors less 
than 1.5 cm in diameter) represents an increasingly 
important problem for the endocrinologist, gynecologist, 
neurosurgeon, and neuroradiologist. In most instances, 
the tumor is first suspected because of endocrine abnor- 
malities, such as galactorrhea and amenorrhea. The 
diagnosis of a secreting pituitary adenoma is usually 
confirmec by hormonal assays and radiographic find- 
ings. 

We investigated whether sellar area and volume, as 
measured on plain skull radiographs, could be used as 
reliable indicators of small pituitary adenomas. We also 
assessed the importance of thin-section tomography in 
detecting microadenomas. An attempt was also made to 
predict the histologic character of a pituitary adenoma 
on the basis of radiographic changes in the configura- 
tion of the sella. 


Materials and Methods 


Skull rac ographs and thin-section tomograms of 146 consec- 
utive patients who had had a pituitary adenoma removed via the 
transsphenoidal approach were reviewed. The histologic type 
of adenoma was determined by means of clinical presentation, 
laboratory analysis, and by light and electron microscopy. The 
adenomas were classified as secreting and nonsecreting. Se- 
creting adenomas were subdivided into those that secreted 
adrenocorticotrophic hormones (ACTH), those secreting human 
growth hormones (HGH), and those secreting prolactin. Nonse- 
creting adenomas were often associated with pituitary hypo- 
function but frequently were asymptomatic and were noted as 
an incidental finding on skull radiographs. 

The area and volume of the sella were determined for every 
patient from plain frontal and lateral skull radiographs and from 
anteroposterior and lateral tomograms of the sella obtained at 2 
mm intervals using the hypocycloidal motion of the Polytome. 
Correction for magnification was made in all instances. The 
area of the sella was calculated by multiplying its length by its 
height. The volume of the sella was calculated by multiplying 
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half the length times the height times the width [1]. The length 
of the sella was determined by taking the greatest sagittal 
distance from the anterior wall of the sella to the most posterior 
portion of the posterior wall (fig. 1). The height was measured 
from the level of the tuberculum sellae to the most inferior 
portion of the floor of the sella. The width of the sella was the 
widest portion of the floor of the sella [2]. The upper limits for 
normal length and height of the sella were considered to be 16 
mm and 13 mm, respectively, and the upper limit for normal 
area was considered to be 208 mm? [3]. The upper limit for 
normal volume of the sella was considered to be 1,500 mm? 
[4, 5]. 

In patients found to have a sella of normal area and volume, 
the tommograms were further analyzed for a localized expansion 
or abnermal configuration. The floor of the sella as seen on 
anteroposterior tomograms was divided into three equal por- 
tions: mght lateral, central, and left lateral. The flocr of the sella 
as seem on lateral tomograms was divided into two portions: 
anterior or anteroinferior and posterior or posteroinferior. If the 
expansion involved more than one portion, it was classified as 
general. 


Results 


Of tne 146 pituitary adenomas studied, 75% were 
secreting and 25% nonsecreting adenomas (table 1). 
Nonsecreting adenomas tended to be larger. Of the 
nonsecreting adenomas, 72% caused a greater than 
norma sellar area and 64% produced an abnormal! sellar 


Fig. 1.— Measurement of length, depth, and width of sella (fram [1]). 


TABLE 1 
Classification of Microadenomas 


Microadenoma No. % 
Secreting: 
AGIM nr rer ee 21 14 
Prolin <62%si2e% 31 21 
PREIS So hcmoncd wa een 58 40 
TOE) 08s Stee e xan 110 75 
Nonsecreting ........ 36 29 


Note.— ACTH = adrenocorticotrophic hormone, HGH = hu- 
man growth hormone. 


' Department of Radiology, Vancouver General Hospital, Vancouver, British Columbia, Canada V5Z 1M9. 
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TABLE 2 
Sellar Area and Volume 





Area Volume 
Microadenoma No. Patients Normal Abnormal Normal [1] Normal (4, 5] Abnormal 
(< 208 mm?) (> 208 mm?) (< 1,100 mm?) (< 1,500 mm?) (> 1,500 mm?) 
Secreting: 
kh rs 21 20 (95) 1 (5) 18 (86) 20 (95) 1 (5) 
Prolactin ssai 31 23 (74) 8 (26) 18 (58) 24 (77) 7 (23) 
a E 58 16 (28) 42 (72) 13 (22) 16 (28) 42 (72) 
Nonsecreting ...... 36 10 (28) 26 (72) 9 (25) 13 (36) 23 (64) 








Note.—Numbers in parentheses are percentages. 





Fig. 2.—Pituitary microadenoma with localized expansion of sella along its anteroinferior margin. A-C, Lateral tomographic sections of sella 
separated by 4 mm intervals. Localized bulging (arrow) of sella floor is visible. 














TABLE 3 (figs. 2-4). These changes were determined by compar- 

Location of Changes in Sellar Configuration on Lateral ing one side of the sella to the other. Changes in 

Tomograms configuration were usually seen on two adjacent tomo- 

graphic sections (i.e., separated by 2 mm). Septa in the 

Sellar Location Normal ; i : à : 

Microadenoma Configu- sphenoid sinus can sometimes change the configuration 

Anterior Posterior General ration of the anterior wall or floor of the sella and should not be 

Secreting: confused with changes caused by a pituitary adenoma. 

ACTH ............ 11 1 5 3 Frontal tomograms of the sella frequently showed no 
Prolactin sossiciri 10 2 12 0 , 

HGH 11 1 4 0 abnormality even when the lateral tomograms were ab- 

Nonsecreting ....... 4 2 7 0 normal (table 4). The floor of the sella on anteroposterior 





Note. —Data on 73 patients with normal sellar area and volume 


volume (greater than 1,500 mm?) (table 2). The HGH- 
secreting adenomas (acromegaly) tended to be the larg- 
est of the secreting adenomas. Of these patients, 72% 
had an abnormal sellar area and an abnormal sellar 
volume. The ACTH-secreting adenomas (Cushing's dis- 
ease) and the prolactin-secreting tumors tended to be 
smaller at the time of surgery than the HGH-secreting 
adenomas. Among the prolactin-secreting tumors only 
26% had produced an abnormal sellar area, and 23% 
had produced an abnormal sellar volume. Only 5% of the 
ACTH-secreting adenomas caused an abnormal sellar 
area and volume. Of the 146 patients, 73 (50%) had a 
sella of normal area and volume. The lateral thin-section 
tomograms, however, demonstrated abnormal configu- 
ration of the sella in all but three. 

Changes in the configuration of the sella were most 
commonly noted on lateral tomograms (table 3). Local- 
ized expansion or bulging of the sella was usually seen 
along the anterior or anteroinferior margins of the sella 


projections is normally flat or slightly convex inferiorly. 
The lateral corners of the floor normally appear rounded 
and smooth. Microadenomas may depress the floor on 
one side (fig. 4). As the adenoma enlarges, it may 
depress the floor further and cause the lateral corner to 
change to a more acute angle. 

A normal configuration of the sella was noted on 
frontal tomograms of 33 of the 73 patients exhibiting 
normal sellar area and volume. Of these 33 patients, 30 
showed expansion in the anterior and anteroinferior 
portions of the sella on lateral tomograms. Frontal to- 
mograms were, therefore, considered to be less sensitive 
in demonstrating changes in these locations. Localized 
expansion of the sellar floor in the anterior or anteroin- 
ferior portion were more readily detected on lateral 
tomograms. 


Discussion 


Sellar area and volume measurements are insensitive 
indicators of the presence of a pituitary microadenoma. 
In this series, 95% of the ACTH-secreting adenomas and 
approximately 75% of the prolactin-secreting adenomas 
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Fig. 3.—Pituitary microadenoma with mini- 
mal expansion of anteroinferior wall of sella. A, 
Lateral film of sella shows no abnormality. B- 
E, Lateral tomographic sections of sella at 2 
mm intervals. Slight expansion (arrows) of an- 
teroinferior wall of sella appears on D and E. 


would not have been detected if measurements of only 
the sellar area and volume were used. However, 72% of 
the HGH-secreting adenomas and about 70% of the 
nonsecreting adenomas would have been diagnosed 
simply by an analysis of sellar area and volume. 





Fig. 4.—Pituitary microadenoma with slight 
generalized expansion of sella on right. A-F, 
Lateral tomographic sections of sella at 2 mm 
intervals. Slight generalized expansion of sella 
is noted in A and B and, to lesser extent, in C. 
G, Frontal tomogram of sella shows depression 
(arrows) of sellar floor on right. H, Lateral film 
of sella showing no abnormality. 


The most sensitive radiologic means of detecting pitui- 
tary microadenomas was thin-section (hypocycloidal) 
tomocraphy performed at 2 mm intervals. In our study of 
the 7c patients considered to have a normal sellar size, 
all but three of the ACTH-secreting adenomas showed 
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TABLE 4 


Location of Changes in Sellar Configuration on 
Anteroposterior Tomograms 


Sellar Location Normal 
Microadenoma Configu- 
Lateral Central General ration 
Secreting: 

NT xeliwetessss 3 2 2 13 
PTOMCUN 66 ia 3 9 3 9 
|, E A 2 5 5 4 
Nonsecreting ....... 2 2 2 7 


Note. — Data on 73 patients with normal sellar area and volume. 


an abnormal sellar configuration on the tomograms. 
Tomography is therefore indicated in all instances of 
clinically suspected pituitary adenoma in which the sella 
appears normal on routine frontal and lateral radio- 
graphs of the skull. 

Hardy [6] suggested a topographic localization for 
secreting microadenomas within the pituitary gland. He 
indicated that the HGH-secreting microadenomas were 
located in the anteroinferior portion of the lateral wing 
of the gland, the prolactin-secreting microadenomas in 
the lateral wings of the gland, and the ACTH-secreting 
adenomas in the midline of the central core of the gland. 
He suggested that the topographic distribution of secret- 
ing microadenomas might therefore correspond to the 
sites of nuclei or pools of secreting cells in the gland. 
Vezina and Sutton [3] noted that expansion occurred in 
the anteroinferior wall on one side of the sella in 14 
patients with prolactin-secreting microadenomas who 
had sellae of normal size. These prolactin-secreting 
microadenomas tended to depress the floor more infe- 
riorly than HGH-secreting adenomas. They concluded 
that the type of microadenoma might be predicted on the 
basis of the location of the sellar abnormality. We, 
however, found no specific sites for the changes pro- 


duced by the different types of adenomas, secreting or 
nonsecreting, in our 73 patients who had sellae of 
normal size. Changes in configuration were noted in all 
parts of the sella for each type of adenoma. The majority 
of microadenomas, regardless of their specific secreting 
state, affected the anterior or anteroinferior wall of the 
sella. 


Conclusions 


Radiographic measurements of the sellar area and 
volume are not reliable indicators of small pituitary 
adenomas. More sensitive are the changes in sellar 
configuration assessed by comparing one side of the 
sella with the other using thin-section (hypocycloidal) 
tomograms obtained in the frontal and lateral projec- 
tions. Frontal tomograms frequently showed no abnor- 
mality even when lateral tomograms were abnormal. 
Most pituitary microadenomas, regardless of the secret- 
ing type, cause localized bulging in the anterior or 
anteroinferior wall of the sella. The histologic type of 
microadenoma cannot be predicted on the basis of the 
location of the abnormal sellar configuration. 
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CT Detection and Course of Intracranial Hemorrhage 
in Premature Infants 


CAROL M. RUMACK,' MARILYN M. McDONALD? OWEN P. O’MEARA,? BOB B. SANDERS," 
AND JEFFREY C. RUDIKOFF' 


Twenty neonates with a suspected intracranial hemorrhage 
were studied by computed tomography (CT). The exact site 
and extent of the hemorrhage in all infants were clearly 
demonstrated on serial CT scans. In intraventricular hemor- 
rhage, a dense subependymal halo lined the ventricular sys- 
tem and could be recognized for up to 2 weeks. Discrete 
hemorrhage adjacent to the ventricular system also appeared 
as discrete nodules rather than as a diffuse hemorrhage. 
Blood in the ventricular system could be recognized up to 2 
weeks when there were blood-cerebrospinal fluid levels. Hy- 
drocephalus was a common sequela and was readily detect- 
able before a measurable change in head size. 


Intracranial hemorrhage in premature infants is the most 
common central nervous system abnormality in neonatal 
autopsies |1]. The incidence is estimated at 1.1 per 1000 
live births [2]. Since more premature infants are sup- 
ported by ntensive medical therapy, there has been an 
increased ncidence of intraventricular hemorrhage [3]. 
It has been shown that the diagnosis of hemorrhage by 
computec tomography (CT) is as reliable as pathologic 
data [4-7]. This study of 20 neonates with intracranial 
hemorrhage concurs with the known association of an- 
oxia, prematurity, and low birth weight as the most 
commonly associated factors [1, 2, 8]. 


Subjects and Methods 


Premature infants with symptoms suggestive of intracranial 
hemorrhage (apnea, seizures, and resistant acidosis) were ex- 
amined with a Delta 50 scanner, with a 2'/s min scan time and a 
256 x 256 matrix. Very critical infants could be evaluated while 
still on the respirator. Temperatures were kept stable with 
radiant heaters. A pediatrician or intensive care nurse trained to 
resuscitate neonates was present. Sedation was very rarely 
required during the acute hemorrhage because the infants were 
so lethargic. As the infant improved, sedation was occasionally 
necessary on follow-up scans. We attempted to scan all infants 
within 48 hr so there would be no resolution of the blood. 
However, a few infants whose intracranial hemorrhage was not 
suspected unti! the development of complications were scanned 
weeks later. Lumbar puncture on all infants confirmed the 
presence of blood. A few very low birth weight infants who 
deteriorated rapidly were scanned immediately after death. 
Neurologic evaluations were obtained at discharge and on 
follow-up examinations. 


Results 
Clinical Findings 


Twenty neonates were shown to have an intracranial 
hemorrhage. The clinical profiles (table 1) generally 
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concur with previous reports [6-10]. Nineteen of the 
infants weighed less than 2,000 g; 17 were less than 32 
weeks gestation. The one common denominator seemed 
to be a major anoxic episode. In fact, 11 of the 20 infants 
had hyaline membrane disease and another seven had 
perinatal asphyxia due to placenta previa, abruptio pla- 
centa. or difficult breech delivery. Another infant, the 
Only one who was postterm, had an isolated subarach- 
noid hemorrhage associated with severe meconium 
plugging his bronchi. The only infant without major 
hypoxia had mild hyaline membrane disease, which re- 
solved at 6 days ef age, then developed necrotizing en- 
terocolitis and disseminated intravascular coagulation 


and diec. 
Traditionally, ventricular hemorrhage was felt to occur 


as a delayed phenomenon 24-48 hr after a hypoxic 
incident [11, 12]. Half of our babies bled within the first 
24 hr, although significant clinical deterioration and 
demise was more commonly delayed beyond 2 days. In 
fact, six of the 20 neonates died after a prolonged clinical 
course cf 1 week to 2 months. This differs from earlier 
experiences [2] of a rapid decline and may reflect the 
very vigorous support systems now available. 

In 13 cf 20 babies, a hematocrit drop of 10% or more 
was documented. Transfusions of whole blood and 
packed red cells made it impossible to evaluate the 
hematocrit in others. Of the 20 babies, 17 demonstrated 
a metabclic acidosis of significant degree (13 with pH < 
7.20), although a few had a normal pH at the time of 
clinical suspected intracranial bleeding. None of our 
babies had a recorded serum sodium greater than 150 
mEq/liter, although correlation between hypernatremia 
and intracranial hemorrhage has been reported [13]. 
Radiologc Findings 

CT scans were obtained within 24 hr of a clinical 
hemorrhege in four infants and within 72 hr in 13. Of 14 


TABLE 1 
Summary of Clinical Findings 


No. ?a 
tients 

Gestational age <35 weeks ........... 19 
Birth weight, =2,000g ............... 19 
Age at suspected central nervous sys- 

tem hemorrhage, <48 hr ........... Fi 
Drop in hematocrit, >10% ............ 13 
Metabolic acidosis, pH < 7.20 ........ 13 
SAG saciresekhsctveceSecrndandecess 14 


Note. —Data on 20 neonates. 
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neonates who had intraventricular hemorrhage, 10 died: 
four of these lived long enough to develop hydrocepha- 
lus and porencephaly (table 2). The four survivors all 
have hydrocephalus and major neurologic symptoms. All 
but one of the intraventircular hemorrhages were asso- 
ciated with an intracerebral hematoma. 

Subependymal or intracerebral hematomas and sub- 
arachnoid hemorrhage occurred without intraventricular 
rupture in six infants. Four of these died. The two 
survivors are neurologically normal at 6 months. The 
only isolated subarachnoid hemorrhage was in a term 
infant who is doing well. Although the mortality rate is 
similar, the morbidity seems to be consistently worse 
with intraventricular rupture. 


Representative Case Reports 
Case 1 


S. H., a 1,280 g male, was born at 28 weeks gestation after 
bleeding secondary to a placenta previa. Apgar scores were 4 at 
1 min and 7 at 5 min. The infant was hypotensive at birth. He 
developed hyaline membrane disease, a pneumothorax, and 
opened his ductus arteriosus. Clinically he bled at 45 hr on the 
basis of hematocrit drop, acidosis, and bloody cerebrospinal 
fluid. CT (fig. 1) showed a huge clot along the wall of the lateral 
ventricle with ventricular blood-cerebrospinal fluid levels. Over 
3 weeks, the hematoma resolved with development of poren- 
cephaly in that region. Hydrocephalus which was noted on the 
first scan then progressed. The patient survived with develop- 
ment of poor neurologic function at 3 months. 


TABLE 2 
Summary of Radiologic Findings 





Sur- 


Site and Outcome Total Died 
vived 


Intraventricular hemorrhage, with or with- 

out subependymal hematoma, intracra- 

nial hematoma, and subarachnoid hem- 

RNIN > 6 Vii dis oe aoa Sa bE Res Hk 14 10 4* 
Intracranial hematoma, subependymal he- 

matoma, and subarachnoid hemorrhage, 

without intraventricular rupture ......... 6 4 2t 
Subarachnoid hemorrhage alone ......... 1 0 1t 


* Major neurologic symptoms. 
t Neurologically normal. 
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Case 2 


H. W., a 980 g male, was born at 29 weeks gestation by 
cesarian section for bleeding due to a placenta previa and 
spontaneous rupture of membranes. Apgar scores were 2 at 1 
min and 3 at 5 min. The infant developed hyaline membrane 
disease requiring intubation shortly after birth. He had bilateral 
pneumothoraces at 2 days of age. At 3 days he developed 
acidosis, tonic seizures, tense fontanelle, and depressed respi- 
rations. The cerebrospinal fluid was bloody. CT (figs. 2A-2D) 
showed intraventricular hemorrhage involving the entire ven- 
tricular system. Resolution of the area of hematoma resulted in 
development of porencephaly (figs. 2G and 2H). Despite multi- 
ple ventricular taps, hydrocephalus developed (figs. 2E-2H). At 
1 month, an intraventricular shunt was done and the infant 
improved. He developed ventriculitis 10 days later and died. The 
porencephalic area was proven at autopsy. 


Case 3 


S. M., a 2,320 g male, was born at 35 weeks gestation and 
became markedly hypoxic during breech delivery. Apgar scores 
were 1 initially and 5 at 5 min. At 36 hr the infant suddenly 
became hypotensive and acidotic. Hematocrit dropped 10% and 
spinal tap was bloody. Initial CT (figs. 3A and 3B) showed 
intraventricular hemorrhage with a definite intracerebral hema- 
toma as the origin. After 10 days, blood-cerebrospinal fluid 
levels could still be seen in the lateral ventricle and hydroceph- 
alus had become severe (figs. 3C and 3D). A shunt was done 
and the infant has survived. At 1 month of age he was having 
seizures and was spastic. 


Discussion 


The incidence of intracerebral hemorrhage in neo- 
nates seems to be increasing, associated with maximum 
intensive nursery care efforts to support increasingly 
smaller infants. Periventricular germinal matrix hemor- 
rhage and infarction in premature infants has been the 
primary site of the increase. It is a major factor contrib- 
uting to neonatal mortality. Some authors, particularly 
Towbin [10], believe this is later reflected as mental 
retardation, cerebral palsy, epilepsy, and other neuro- 
logic defects. As more infants survive, it is imperative 
that we evaluate the predisposing clinical setting and the 
final outcome in order for valid prognostic data to be 
available. Contrary to some earlier impressions [2], intra- 


Fig. 1.—Case 1.A, Acute intracra- 
nial hematoma extending along lat- 
eral ventricle wall (arrow). Initial 
density of freshly clotted blood. 
Blood-cerebrospinal fluid levels in 
ventricles. B, Intracerebral hema- 
toma at 1 week. lsodense to brain 
but recognizable because partly in- 
traventricular. Blood-cerebrospinal 
fluid levels still in ventricles. C, Intra- 
cerebral hematoma at 2 weeks with 
high cerebrospinal fluid density. 
Porencephaly is developing and hy- 
drocephalus is present and progres- 
sing on all three scans. 
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Fig. 2.—Case 2. A, Acute intraventricular hemorrhage in frontal and temporal horns of both lateral ventricles and third and fourth ventricles. 
Subependymal nodule in classic site in region of caudate nucleus adjacent to frontal horn. Subependymal halo outlines ventricle where clot does not 
fill ventricle (arrow). B, Subependymal halo (arrow) and nodules. C and D, Blood-cerebrospinal fluid levels in those ventricles not filled completely. 
Subarachno d blood in Sylvian and interhemispheric fisstires in B, C, and D. E and F. Sequential development showing resolution of hematoma with 
blood-cerebrospinal fluid levels persisting at 2 weeks. G and H, After shunting for Fydrocephalus, porencephalic area (arrow) is evident; proven at 


autopsy nex? day. 


IHIN | 


| 
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Fig. 3.— Case 3. A and B, Subependymal nodule (arrow) adjacent to 
lateral ventricle is not classic sitebut is frequently present in intraventric- 
ular hemorrhage. C and D, Marked hydrocephalus 2 weeks later. Blood- 
cerebrospinal! thuid levels (arrow) still present. 





cranial hemorrhage with the most vigorous support was 
not uniformly fatal, and we noted a 30% survival rate [6]. 
However, in four of the six survivors there was significant 
neurologic impairment. The etiology seems most likely 
to be related to a severe anoxic episode noted in all but 
one of our neonates and has been the most impressive 
single associated factor in multiple reports [6-10]. 

An intracranial hemorrhage in premature infants usu- 
ally originates in the germinal matrix in the subependy- 
mal region surrounding the ventricles. This area of 
pleuripetential cells is very loosely organized and con- 
tains many thin-walled fragile veins. The most commonly 
accepted theory is that as a result of anoxia, there is 
vascular damage and distension of veins due to venous 
stasis—both tending to cause venous rupture [6]. There 
may actually be infarction first and then hemorrhage 
[10]. Arother theory is that rupture occurs at the capil- 
lary-veim junction in the germinal layer secondary to a 
rise in arterial pressure [14]. The hematoma, having 
begun im the subependymal region, may extend periph- 
erally into the rest of the brain or it may rupture into the 
ventricle. The blood then moves through the ventricular 
system and out the foramina of the fourth ventricle into 
the subarachnoid space. In term infants, the germinal 
matrix s gone and the subependymal region is well 
organized so this type of hemorrhage is quite rare after 
about 38 weeks gestation. 


496 


The course of the hemorrhage can be evaluated by CT 
extremely well. As previously noted [15], an acute hema- 
toma has a well defined range of absorption values (60- 
80 Delta units) so that it is easy to recognize (fig. 1A). 
Recognition may become more difficult as the hematoma 
resolves and becomes isodense to brain (fig. 1B). In fact, 
it may eventually progress to necrosis resulting in a 
porencephalic area with cerebrospinal fluid density (fig. 
1C). However, there are some very useful clues that help, 
even late, to identify an intracranial hemorrhage, partic- 
ularly if there has been intraventricular rupture. 


Subependymal Halo 


In some infants a subependymal halo of increased 
density was seen acutely and could be recognized as late 
as 2 weeks after the hemorrhage (figs. 2A and 2B). This 
may be due to a diffuse subependymal petechial bleed 
around the lateral ventricles or perhaps to phagocytosis 
by ependymal cells of hemoglobin products. A subepen- 
dymal halo has always been seen associated with intra- 
ventricular hemorrhage. Frequently, edema may be seen 
around the ventricles. 


Subependymal Nodules 


The most common area of hematomas, according to 
the pathologic literature [1], is in the subependymal 
region near the caudate nucleus and foramen of Monroe. 
The fine grain matrix of our equipment enables us to 
consistently define the site of hemorrhage. We noted 
that an intracerebral hematoma may occur in different 
parts of the brain. In the typical subependymal region, 
these are frequently nodular and adherent to or within 
the ventricular wall (figs. 2A and 2B). In our series, 
subependymal hematomas were noted commonly in the 
region of the caudate nucleus (14 infants), as in the 
pathologic series (figs. 2A and 2B). They were also 
noted anterior to the frontal horns (fig. 2A) and along 
the bodies of the lateral ventricles (nine infants) (figs. 
3A and 3B). 


Intraventricular Blood-Cerebrospinal Fluid Levels 


The presence of intraventricular blood initially is very 
easy to diagnose. In figure 2 blood can be seen through- 
out the lateral ventricles. Unlike an intracerebral hema- 
toma, blood in the ventricular system can be recognized 
longer either by discrete clot or by blood-cerebrospinal 
fluid levels layering out in the ventricular system (figs. 
1A, 2C-2F, and 3B). This has been recognizable as late 
as 2 weeks after hemorrhage. 

After intraventricular rupture, the blood may flow out 
of the fourth ventricle into the subarachnoid space (figs. 
2 B-2 D). Subarachnoid blood may be easier to diagnose 
in infants than adults, because falx calcification is ex- 
tremely rare. In prematures it did not occur as an isolated 
lesion. 

The need for posthemorrhage follow-up examinations 
for the development of hydrocephalus before the head 
size actually changes has been described [16, 17]. This 
is particularly important since the premature cortex com- 
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presses to a thin mantle before the head size changes 
measureably. 

The complications of an intracranial bleed are major. 
Of the 20 neonates, 14 died. Those that lived have been 
left with hydrocephalus and/or porencephaly (fig. 3) and 
major neurologic symptoms if they survive an intraven- 
tricular hemorrhage (four patients). Only two of the 
infants are neurologically normal at 6 months of age and 
they did not have an intraventricular hemorrhage. 


Conclusions 


Although intracranial hemorrhage in neonates has a 
poor outcome, the incidence of survivors is increasing 
due to major intensive care support. It is important to 
identify these hemorrhages early to save some cortex in 
the survivors, since they so frequently develop occult 
hydrocephalus. Eventually it may be possible to correlate 
the exact site and extent of hematoma with the clinical 
course. So far, clinically ill neonates with apnea, sei- 
zures, and acidosis associated with CT evidence of 
intraventricular hemorrhage pursue a downhill course 
usually ending in death or severe neurologic impairment. 

Since all of the neonates fulfilling our clinical criteria 
were shown to have intracranial hemorrhages, it is likely 
that these criteria are too restrictive. Could there be 
neonates who are not so ill as these who sustain an 
intracranial hemorrhage which is not apparent clinically? 
Recently we scanned three infants at 1 month of age 
because of enlarging heads. All three had hydrocephalus 
and two had blood-cerebrospinal fluid levels in the 
ventricles. Clearly the intracranial hemorrhages in these 
children were overlooked in the acute stage. We do not 
know the natural history of clinically silent intracranial 
hemorrhage in neonates. Therefore it is not possible to 
decide whether asymptomatic infants with extensive 
subependymal and intraventricular hemorrhage will de- 
velop neurologically normal. 
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Mesonephric Duct Remnants (Gartner’s Duct) 


JOSEPH F. WEPFER' AND ROBERT M. BOEX' 


In a review of 820 hysterosalpingograms, unilateral opacifi- 
cation of the mesonephric duct (Gartner’s duct) was observed 
in five individuals. No associated anomalies of the genitouri- 
nary tract or definite evidence of pelvic inflammatory disease 
was found in any of these patients. The embryology of the 
genitourinary tract is discussed in some detail, and histologic 
studies of the uterine cervix are reviewed to explain the 
radiographic observations. 


When hysterosalpingography is performed, a linear 
Structure within the uterine wall parallel to the uterine 
cavity is occasionally opacified. We believe this structure 
is a remnant of the mesonephric duct. An example has 
been previously described by Wepfer and Sinsky [1]. We 
report five additional cases from 820 examinations, an 
incidence of 0.61%. This compares with an incidence of 
1.6% reported by Bianchi et al. [2]. 


Embryology 


The urinary and reproductive systems in man arise 
from mesoderm and are intimately related during devel- 
opment. The embryology of these structures is well 
Summarized by Langman [3]. The pronephros and meta- 
nephros, the functioning urinary organs in lower forms 
of life, are the phylogenic precursors of the metanephros 
that develop into the urinary tract in humans. The pro- 
nephros is a vestigial structure but the mesonephros 
contributes to the formation of the genital tract. 

Early in the development of the embryo, two pairs of 
genital ducts have formed; the mesonephric or Wolffian 
and the paramesonephric or Mullerian. These ducts 
parallel one another as they course from the mesone- 
phros to the cloaca. 

The coelomic epithelium on the anterolateral surface 
of the urogenital ridge invaginates, giving rise to the 
paramesonephric duct. Cephalad, the paramesonephric 
duct communicates with the coelomic cavity while dis- 
tally it courses lateral to the mesonephric duct and 
ultimately crosses it ventrally to be oriented in a caudo- 
medial direction. The two independent ducts subse- 
quently fuse in the midline to form the uterovaginal 
canal. Caudal growth of the united ducts continues until 
they meet the posterior wall of the urogenital sinus 
producing a slight elevation in the latter structure, the 
Mullerian tubercle. The mesonephric ducts find their exit 
into the urogenital sinus on either side of the utero- 
vaginal canal. 

Dominance of either the mesonephric or parameso- 
nephric duct is determined by the sex of the embryo. The 
female genital organs are derived from the parameso- 
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nephric duct, while the male organs are derived from the 
mesomephric duct. In the female embryo (fig. 1), the 
cauda ends of the paramesonephric duct fuse to form 
the oviducts, uterus, and a portion of the vagina; the 
mesonephric duct disappears except for a few remnants 
to be found in the broad ligament, uterine wall, and 
vagina (fig. 2). In the male embryo, the paramesonephric 
duct usually degenerates except for a few remnants 
(appendix testis and prostatic utricle). 


Case Material and Findings 


Each of the five patients was being investigated for 
tubal patency. In two of the five, the fallopian tube on 
the ipsilateral side of the duct was not opacified. How- 
ever, the contralateral fallopian tube was normal, and 
there was no clinical evidence of pelvic inflammatory 
disease; thus we had no firm explanation for nonopaci- 
fication. All patients were nulliparous except for one who 
had two normal pregnancies following hysterosalpin- 
gography. 

In these five examples of Gartner's duct, three were on 
the rignt (fig. 3) and two on the left (fig. 4). Contrast 
material was never observed beyond the cornua of the 
uterus, and the duct size remained constant. A slight 
degree-ct obliquity may be required to see the duct. 


Discussion 


In 1948, Huffman [4] observed considerable variation 
in the reported histologic incidence of persistent meso- 
nephric duct remnants in the cervix. His own studies 
revealed five examples from 1,192 specimens, all re- 
moved at surgery (a 0.4% incidence). In reviewing pre- 
vious articles, Huffman found a wide discrepancy in the 
incidence of fetal remnants in the cervix. C. Reider (cited 
in [4]) reported remnants in 20% of his examinations, but 
Wolfe [5] was able to find only one example in 1,413 
cervices. R. Meyer (cited in [4]) found 12 fetal rests in 54 
cases. However, F. Maudach (cited in [4]) described 
rests im 40% of his material (infants and children). In a 
study of Japanese women over the age of 17, Sakuraoka 
[6] described remnants in 20%, with a greater incidence 
on the left side; bilateral remnants were found in four 
cases. The development of benign and malignant neo- 
plasms from mesonephric rests has been reviewed and 
discussed by Villa Santa [7]. 

Huffman [4] believed that this variation resulted from 
the type of material studied: age, surgical specimen, and 
autopsy material. Perhaps of more importance is the 
number of sections studied, since in normal cervices 


' Department of Radiology, St. Joseph's Hospital, 5000 West Chambers Street, Milwaukee, Wisconsin 53210. Address reprint requests to J. F. 


Wepfer. 


Am J Roentgenol 131:499-500, September 1978 
© 1978 American Roentgen Ray Society 


0361-803X/78/0900-0499 $00.00 


500 WEPFER AND BOEX 


een onad —__ 













Fusing Malerin | A \\/ 
Ducts — 





Ga iij ~——1___ Mesonephric 
A RA 4 Duct 
Urogenital l 

Sinus Mullerian 
Tubercle 


Fig. 1.—Diagrammatic representation of relation- 
ship of mesonephric and paramesonephric ducts. (Re- 
printed with permission from [4]) 





TO 
Mesonephric Remnant 


raie m Broad Ligament 
P Ampullar Remnant 


f 
Uterine 





Vagina 


# 
\ | Vaginal Remnant 


Fig. 2.—Diagram of sites of mesonephric duct remnants. (Reprinted 
with permission from [4]) 


usually only one or two sections are examined. Huffman 
[4] described various forms of duct remnants that are 
lined by columnar, nonsecreting epithelium. One of 
these, an elongated cleft with surrounding small tubules, 
is the form we believe has opacified. We have not 
had the opportunity to examine histologically a duct 
previously opacified by hysterosalpingography. 

Weston [8] was the first to demonstrate a case of 
bilateral mesonephric duct remnants on hysterosalpin- 
gography. Bianchi et al. [2] found 11 examples of opaci- 
fied mesonephric duct remnants on review of 660 hyster- 
osalpingograms; four were on the right and seven on the 
left, with no bilateral remnants demonstrated. Nine of his 
cases had an associated salpingitis, and he suggested a 
relationship to mesonephric duct remnants. In our ma- 
terial we found a number of uterine anomalies and 
numerous examples of tubal inflammatory disease, but 
none associated with duct opacification. 





Fig. 3.—Opacification of right mesonephric duct 
best demonstrated in very slight degree of obliquity. 
Left fallopian tube was not filled. 





Fig. 4.—Anteroposterior view of opacification of left 
mesonephric duct. Left fallopian tube was not filled. 
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Microradiographic Demonstration of Pyelolymphatic Backflow in the 
Porcine Kidney 


JOHN T. CUTTINO, JR.,’ RICHARD L. CLARK,’ FLOYD A. FRIED,? AND PETER S. STEVENS* ° 


Pyelolymphatic backflow occurs when intrapelvic pressure 
rises acutely. Although peripelvic and hilar lymphatics have 
occasionally been demonstrated during intravenous urogra- 
phy and retrograde pyelography, the patterns of intrarenal 
microlymphatic filling have not previously been studied radio- 
graphically in multipapillary kidneys. Microradiography was 
performed after retrograde ureteral injections of barium sul- 
fate suspension in recently excised pig kidneys. Contrast 
filled the ducts of Bellini and extended in a retrograde fashion 
as far as the distal convoluted tubules. Intrarenal cortical and 
corticomedullary microlymphatics, as well as veins, filled 
following forniceal rupture and interstitial extravasation. 
These anatomic studies suggest that the renal lymphatics 
may function as an alternate pathway of drainage of an 
acutely obstructed kidney. 


Sudden elevation of intrapelvic pressure such as occurs 
with acute ureteral obstruction may result in either of 
two modes of decompression: tubular backflow (intra- 
renal reflux) or rupture of the calyceal fornices with 
extravasation into the interstitium. Subsequently the 
interstices can be decompressed by the development of 
three types of abnormal communications: dissection of 
fluid into the renal sinus and hilar regions; communica- 
tion with the renal venous system; or communication 
with the lymphatic networks [1, 2]. These pathways are 
occasionally seen at retrograde pyelography or during 
high dose excretory urography, particularly if abdominal 
compression is employed during the marked contrast- 
induced diuresis. 

Although the role of the lymphatics in renal “backflow” 
has been previously documented in physiologic and 
morphologic studies in unipapillary experimental ani- 
mals [3], the microradiographic appearance of pyelolym- 
phatic backflow has not previously been documented in 
multipapillary kidneys. The anatomic similarities be- 
tween the multipapillary porcine and human kidney [4] 
suggested that the pig kidney might be an appropriate 
model in which to investigate this phenomenon. We have 
undertaker a study of the morphology of the intrarenal 
and perihilar lymphatics by retrograde injection of bar- 
ium sulfate suspension into the ureters of freshly excised 
pig kidneys. 

Materials and Methods 


Twenty-two kidneys (250-375 g) obtained from freshly slaugh- 
tered pigs were available for study. Immediately following neph- 
roureterectomy, the ureter was cannulated and injected with a 
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micropulverized barium sulfate (Micropaque, Nicholas Labs., 
Slough, Buckinghamshire, England; 30% wt/vol)-gelatin (4% 
wt/vol)-heparinized saline solution, under controlied constant 
pressure (varying from 40 mm Hg to 150 mm Hg) for 5-90 min. 
The kidmeys were maintained at normothermic levels during the 
retrograde injections. The barium sulfate-gelatin mixture was 
allowed’to harden, and the kidneys were fixed in 10% formalin. 
Subsequently, they were sectioned (1-3 mm) and contact radi- 
ographed on mammographic film, Kodak projector slide plates, 
and Kocak high resolution plates, using standard low kilovolt- 
age microradiographic techniques [5]. The resulting micsoradi- 
ographs were studied with the aid of a dissecting microscope. 
Representative histologic sections were also obtained. 
Microradiographs were analyzed for type and amount of 
intrarenal backflow. Retrograde tubular filling was arbitrarily 
graded 0-3, with 0 = no filling, 1 = filling of only one or two 
pyramids, 2 = filling of from two to five pyramids, and 3 = filling 
of six ar more pyramids. Venous filling was graded 0-3, with 0 
= no filling, 1 = slight filling of interlobular veins, 2 = moderate 


TABLE 1 
Microradiographic findings in retrograde 
ureteral injection in pig kidneys 








Tubular Ven Lymphatic 
aapna ne Filling Filling 
anai try. (Grade (Grade (Grade 

0-3) 0-3) 0-3) 
40 mm Hg 
rere PE 1 0 0 
(Pee PE ree 1 0 0 
ME cach weer EE T 2 0 0 
© EE EE ET 2 0 0 
c MAAE EE S" 2 0 0 
50 mm Hg 
o EE E T 1 0 3 
T E EEA ET T 3 0 2 
o WEET AE ERT 1 0 0 
o scsvasesateds 3 0 1 
TO ee een ae 2 0 1 
TY) E E ees 3 0 0 
Te sacdacQ@pasaws 1 0 0 
Ro EFEO EREE 2 0 0 
100 mm Hg 
Te eheoehavarake 1 1 1 
1S: EE EEE 1 1 3 
16. bissana 1 1 0 
UF gigdaiheae ude 2 0 1 
aN ee ee 1 0 0 
700-150 mm Hg: 
OW sts y Selec ee 1 1 3 
Pe? E E E 1 2 3 
OY cmeika A 1 3 1 
i eS ee 1 2 3 
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Fig. 1.—A, Overall radiograph following retrograde ureteral injection at 60 mm Hg demonstrating multipapillary nature of pig kidney. Pyelotubular 
reflux (grade 2), predominately polar, is evident. B, Microradiograph of 2 mm section of papilla demonstrating filling of many ducts of Bellini and 
characteristic branching pattern of collecting ducts. C, Microradiograph of 2 mm section of cortical and subcapsular area showing proximal collecting 


ducts and distal convoluted tubules. Kidney capsular surface is up. 





Fig. 2.—Microradiograph of section through papilla and calyx of 
kidney injected at 60 mm Hg (animal no. 6) showing forniceal rupture 
and interstitial extravasation (curved arrows) as well as filling of periar- 
cuate lymphatics (straight arrow). 


filling of arcuate and interlobular veins, and 3 = extensive 
filling of interlobular, arcuate, and interlobar veins. Lymphatic 
filling was graded 0-3, with 0 = no filling, 1 = slight filling of 
periarcuate lymphatics, 2 = filling of periarcuate and cortical 


lymphatics, and 3 = filling of periarcuate, cortical, interlobar 
and hilar lymphatics. 


Results 


The patterns of pyelorenal backflow corresponding to 
various injection pressures are summarized in table 1. 

Tubular filling. Pyelotubular reflux occurred in all 
specimens (fig. 1A). The tubules filled from the ducts of 
Bellini (fig. 1B) out to the outer cortical region where the 
distal collecting ducts make an abrupt turn and descend 
again communicating with distal convoluted tubules (fig. 
1C). No transtubular migration of contrast was seen. In 
all specimens the tubular reflux involved one or both 
poles. In six of the 22, there was filling of pyramids in the 
midportion of the kidney. The severity of pyelotubular 
reflux increased as intrapelvic pressure was increased 
up to 60 mm Hg; above 60 mm Hg there was less 
pronounced filling (table 1). 

Lymphatic filling. Pyelolymphatic filling was always 
observed in association with ruptured fornices and fol- 
lowed pyelointerstitial backflow (fig. 2). Observations of 
the pattern and frequency of lymphatic filling revealed 
that lymphatics in the periarcuate plexus at the cortico- 
medullary junction filled first (fig. 3A). Subsequently, 
interlobular (cortical, fig. 3B), interlobar, and perihilar 
lymphatics (fig. 3C) were visualized. Medullary lymphat- 
ics were only occasionally seq@n. Below 60 mm Hg, no 
lymphatics filled (table 1). As the pressure rose above 60 
mm Hg, there was an increase in the degree of lymphatic 
filling. 
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Fig. 3.—A, Microradiograph of 
corticomecullary junction and forni- 
ceal area of kidney injected at 100- 
150 mm Hg showing forniceal rup- 
ture (curved black arrow), periarcu- 
ate lymphatics (curved white arrow), 
and interlobular lymphatics (straight 
arrows). B, Higher power microradi- 
ograph of midcortex of kidney in- 
jected at 60 mm Hg demonstrating 
periarterial retia of interlobular lym- 
phatics. Onty lymphatic structures 
are opacifiec with contrast. C, Mi- 
croradiograrn of hilar area of an- 
other pig kidney injected at 100-150 
mm Hg demonstrating large interlo- 
bar lymphatic trunks (long arrows) 
containing valves draining into 
larger perifidar trunks. Note hilar 
lymph node and two afferent lym- 
phatics (shcr* arrow). Pyelotubular 
backflow cam also be seen in adja- 
cent area of perihilar cortex (curved 
arrow). 


C 


Venous filling. Venous filling (fig. 4) was observed only 
at pelvic pressures of 100 mm Hg or more. Obvious 
forniceal rapture was noted in specimens exhibiting 
pyeloveno.s backflow. 

Histologiz sections confirmed that the structures ex- 
hibiting the backflow were lymphatics, veins, or tubules 


(fig. 5). 
Discussion 


In a prev ous morphologic study [6], we noted that the 
anatomy ot pig renal lymphatics is remarkably similar to 
that descrited in man [7]. Microlymphatic channels be- 
gin in the cortical interstitium near the glomeruli and run 
in close association with afferent arterioles and encircle 
interlobular arteries as a rete. Larger trunks are formed 
which paraliel arcuate and interlobar vessels. Several 
large lymphatics containing valves exit at the hilus where 
they frequently drain into perihilar lymph nodes (fig. 3C) 





prior te communicating with the cisterna chyli and tho- 
racic duct. Less conspicuous microlymphatics drain the 
outer medulla and unite with the periarcuate plexus. 
Some outer cortical trunks communicate with the renal 
Capsule and perirenal space. 

Pyelolymphatic backflow occurs following forniceal 
rupture and subsequent interstitial filling when the intra- 
pelvic pressure rises acutely. In our in vitro model, 
interstitial and vascular pressures were not maintained 
at physiclogic levels, so precise comparison of pressures 
to in vive physiologic situations may be hazarcous. The 
pressures at which we observed forniceal rupture are 
Slightly less than the pressures at which Morgan et al. [8] 
observec forniceal rupture in rats and Persky et al. [9] 
documerted escape of radioactivity from obstructed 
pelves imdogs 

The merphologic patterns and sequence of pyelorenal 
backflow are well defined in our study. Pyelotubular 


Fig. 4.—Radiograph of polar region of kidney injected at 100-150 mm 
Hg. Marked venous filling is evident. 


backflow was observed at all pressures and predomi- 
nated below 100 mg Hg. At the extremely high intrapelvic 
pressures, less tubular filling was seen. It is likely that 
the higher intrapelvic pressures cause closure of the 
orifices of the ducts of Bellini by pressure exerted at the 
papilla [10]. It should be emphasized that the barium 
sulfate-saline-gelatin mixture used in this study is a 
nondiffusible contrast medium with a viscosity greater 
than urine. It is thus likely that with less viscous, more 
physiologic solutions, more extensive pyelotubular 
backflow might have been seen. 

We observed lymphatic and venous filling only after 
forniceal rupture. There was also a tendency for lym- 
phatic visualization to be present at intermediate pres- 
sures and for both lymphatic and venous filling to occur 
at extremely high pressures (table 1). This suggests that 
lymphatic filling precedes venous filling. The close ana- 
tomic relationship between the interstitium and the lym- 
phatics supports this assumption. However, we again 
must point out that our retrograde studies were in 
excised nonperfused and nonfunctioning kidneys. Thus 
the pattern and sequence of events during intrarenal 
backflow in vivo may be dissimilar to our anatomic 
findings. 

Of interest was the striking tendency for pyelotubular 
reflux to occur primarily at the poles (fig. 1A). A similar 
occurrence has been documented in man and has been 
implicated in the pathogenesis of the frequent polar 
atrophy in patients with chronic pyelonephritis [11]. The 
explanation appears to depend on subtle but significant 
differences in the structure of the distal orifices of the 
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Fig. 5.—A, Histologic section through subcapsular cortex of kidney 
perfused at 60 mm Hg. Barium-filled tubules (arrows) are apparent. H 
and E, x200. B, Histologic section of cortex of another kidney showing 
barium-filled lymphatics (arrows) surrounding interlobular artery. H and 
E, x200. 


ducts of Bellini as they open on renal papillae which vary 
in shape from one part of the kidney to another [10]. 

It is well Known from physiologic studies in animals [3, 
12-15] that renal lymph flow is increased in hydrone- 
phrosis, elevated renal venous pressure, allograft rejec- 
tion, and other instances of increased interstitial pres- 
sure. Furthermore, it has been shown [16] that when 
intrarenal lymphatics are destroyed by infection, renal 
damage due to obstruction is much more rapid and 
pronounced. Although pyelovenous backflow is a major 
route for fluid resorption and recirculation in an ob- 
structed kidney, the renal lymphatics provide another 
significant decompressive pathway which helps to pre- 
serve renal function. Our morphologic studies document 
microradiographically these important acquired ana- 
tomic pathways. 
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Case Reports 





Arteriovenous Malformation of the Right Leaf of the Diaphragm Communicating with 
Vascular Malformation of the Right Lung 


FOUAD A. RASHAD' AND ERROL M. BELLON! 


We report an arteriovenous malformation of the right 
leaf of the diaphragm which had feeding arteries arising 
from the abdominal aorta and venous drainage to the 
right pulmonary veins. To our knowledge this has not 
been previously described. 


Case Report 


A 69-year-old white male was admitted with hematemesis. He 
had undergone a Whipple procedure for carcinoma of the 
pancreas 3 years earlier and had repeated episodes of cardiac 
failure over the past 2 years. Chest radiographs showed a 
prominent right hilum with a large tortuous vessel arising from 
it and running to the periphery of the right base. There were 
also several smaller vessels extending from the right hilum to 
the diaphragm (fig. 1). Rib notching was noted which involved 
the posterior aspect of the right eighth through eleventh ribs. 
Comparison with preoperative chest films taken 3 years earlier 
showed the same findings with no interval change. 

Gastroscopy was performed for visualization of the site of 
hematemesis, and a bleeding point was found high on the lesser 
curve of the stomach. Abdominal angiography was performed 
with the intention of catheterizing the left gastric artery for 
pitressin infusion. This was successfully performed and resulted 
in arrest of thebleeding. The abdominal aortic injection showed 
a normal celiac axis. The hepatic artery was normal. 

The right intercostal arteries were dilated and tortuous, and 
their tortuosity corresponded to the rib notching. Several irreg- 
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ular vessels arose from the abdominal aorta opposite L1 and L2 
and were distributed over the right leaf of the diaphragm. Two 
of these vessels were selectively catheterized (fig. 2). Arteriog- 
raphy demonstrated an extensive arteriovenous malformation 
involving the right leaf of the diaphragm. Late films showed 
veins draining from the malformation into right pulmonary 
veins. 


Discussion 


Complex malformation of the right lung and dia- 
phragm has been previously reported [1]. Arteriovenous 
malformation of the lung is a well established entity 
which may be single or multiple. On chest radiographs 
the lesiems show as homogeneous densities connected 
with the hilum [2, 3]. Linear densities may lead from the 
hilum to the densities in the lung. Both these findings 
were present in our case. 

Angiography demonstrated multiple feeding arteries 
arising from the abdominal aorta below the diaphragm. 
The veins from this malformation communicated with 
the vascular malformation of the right lung and drained 
into the right lower lobe pulmonary veins. There was no 
evidence of venous drainage into the systemic circula- 
tion. The possibilities of pulmonary sequestration and 
hypogenstic lung syndrome were considered; however, 
in this instance the vascular abnormality primarily in- 
volved tne diaphragm, and rib notching was due to 


Fig. 1.—A, Posteroanterior chest 
film showing prominent right hilum 
with linear densities extending from 
hilum to right base. Rib notching (ar- 
row) is present at multiple levels on 
right. Fibrotic changes in right upper 
lobe are due to old tuberculosis. B, 
Tomogram of right lung base showing 
vascular malformations extending 
from right hilum to base. 
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Fig. 2.—Selective catheterization of two feeding arteries. A, Early arterial phase showing vascular malformation of right leaf 
of diaphragm. Air in biliary tree relates to previous cholecystojejunostomy. B, Later arterial phase showing filling of a pulmonary 
vein at right base. C, Arterial phase of second feeding vessel showing opacification of vascular malformation. D, Delayed 
arterial phase showing filling of several pulmonary veins at right base (arrows). 


enlarged intercostal vessels. In sequestration the arterial 
blood supply is from the descending aorta, usually below 
the diaphragm [4], but does not involve the diaphragm. 

In the hypogenetic lung syndrome, there is volume 
loss of the right lung and a small right hilum along with 
dextroposition and/or dextrorotation of the heart. Ve- 
nous drainage is to the inferior vena cava below the 
diaphragm which gives the scimitar appearance [5, 6]. 
Arterial blood supply may be partly or completely from 
the aorta or its main branches. There is no involvement 
of the diaphragm. None of these findings were present 
in our case which we thus classified as an arteriovenous 
malformation of the diaphragm. 
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Severe Reactions to Contrast Material by Thre2 Consecutive Routes: Intravenous, 
Subcutaneous, and !atraarterial 


KYUNG J. CHO' AND JOHN R THORNBURY! 


Despite numerous investigations on adverse reactions to 
contrast media, the pathogenesis is still unclear. Several 
mechanisms and hypothesis have been proposed [1-5]. 
Surveys on adverse reactions of contrast media have 
shown trat the incidence of reactions is greater in 
patients with a history of allergy and previous contrast 
reactions [6-8]. Prophylactic administration of steroids 
and antihistamines for those patients with previous re- 
actions has been tried with some benefits [9-12]. 

We report an unusual case in which a patient devel- 
oped severe reactions to three consecutive different 
routes of contrast material administration: intravenous, 
subcutaneous, and intraarterial. Prior to the third reac- 
tion the patient had received prophylactic steroid ther- 


apy. 


Case Report 


A 56-year-old man was admitted to the University of Michigan 
Medical Center because of severe claudication of lower extrem- 
ities due tc peripheral vascular occlusive disease. The patient 
had had two well documented episodes of severe reactions to 
contrast media. His first contrast reaction occurred 12 years 
earlier during intravenous urography with injection of 30 ml of 
iothalamate meglumine (Conray). Severe cardiovascular col- 
lapse required intravenous levarterenol and steroid treatment. 
Six years before current admission, a subcutaneous injection of 
a 1 ml test dose of sodium diatrizoate (Hypaque-50) resulted in 
a seizure with loss of consciousness. The patient recovered 
from both reactions without sequelae. Retrograde pyelography 
3 months before the present admission was performed with 30% 
meglumine diatrizoate without any reactions. He had no other 
history of zllergy except for one episode of “reaction” to an 
unknown type of local anesthetic agent. Family history was 
unremarkable. 

Physical examination revealed an alert, well developed el- 
derly male. No pulses were palpable on examination of lower 
extremities. Electrocardiography revealed ST segment changes 
with terminal T wave inversion in lateral leads compatible with 
nonspecific myocardial changes. 

Because of severe claudication and rest pain it was elected to 
perform ao-tography and an outflow study. The patient was 
pretreated with 100 mg oral hydrocortisone 2 days before 
arteriography, 300 mg 1 day before arteriography, and 100 mg 
on the morning of the procedure. Premedication also included 
100 mg Seconal, 75 mg Demerol, and 10 mg Valium intramus- 
cularly on tre morning of the procedure. 

A thin-walled red Kifa catheter was introduced into the ab- 
dominal aorta from a left percutaneous transaxillary approach. 
Intraarterial injection of a 2 ml test dose of 60% iothalamate 
meglumine (Conray 60) into the upper abdominal aorta resulted 
in diarrhea, laryngeal spasm, tachycardia, and hypotension 
(blood pressure, 70/60 mm Hg) beginning about 1 min after 
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admir stration. This reaction responded to treatment with 25 
mg reravenous ephedrine for two doses and nasal oxygen. 
Blood pressure and pulse rate became normal 45 min after the 
Start ef the reaction. Electrocardiography immediately after 
resporse to treatment showed a depression of RST segment on 
mult fe leads indicating myocardial ischemia presumably sec- 
ondar~ to hypotension. A subsequent series of serum enzyme 
Studies over the next 3 days showed no evidence of myocardial 
infarc#om. Follow-up electrocardiography 3 days after reaction 
showed return to the preinjection baseline. 


Discussion 


Our experience was of interest in two aspects. First, 
over a period of 12 years the patient developed three 
consecutive anaphylactoid reactions to contrast medium 
administered by three different routes: intravenous, sub- 
Ccutan2ous, and intraarterial. The last two reactions fol- 
lowec a test injection with a small amount of contrast 
medium. Second, the third reaction occurred despite 
pretreatment with corticosteroid. 

The adverse effects of contrast media can be divided 
into two basic categories: (1) direct toxic effects on 
organs from injection of excessive amounts of contrast 
med um into the arterial or venous supply of the organ 
system, and (2) idiosyncratic, or “anaphylactoid,” sys- 
temic reaction occurring after intravascular or subcuta- 
neous injection of contrast medium. This second type of 
reaction was the type experienced by our patient. 

Systmic reactions to intravascular contrast medium 
injections have been classified arbitrarily according to 
severity as minor, intermediate, severe, and fatal [8]. 
Severe and fatal reactions generally involve cardiovas- 
cular co lapse manifested by shock, loss of conscious- 
ness. and cardiac arrhythmia or arrest. Occasionally 
severe angioneurotic edema also occurs. 

The precise mechanism of the anaphylactoid type of 
contræt medium reactions remains unknown despite 
cons cerable experimental and clinical investigation of 
the preblems. Multiple variables contributing to the de- 
velopment of these severe reactions have been identi- 
fied. These include histamine release, activation of the 
serum complement and coagulation systems, antigen- 
antibody reactions, and fear/anxiety states [1-3, 5, 13]. 

The incidence of contrast medium reactions from 
intraarerial injection is generally considered to be lower 
than from intravenous injection. The prospective analy- 
sis made from data accumulated by the Committee on 
Contrast Media of the International Society of Radiology 
revealed that the overall incidence of all reactions for 
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intravenous urography was 5.6%, compared to the inci- 
dence of 2.3% for intraarterial studies [7]. 

Lang [14] also reported a significantly lower incidence 
of minor reactions to intraarterial injection of contrast 
medium in a group of 50 patients with a history of 
systemic reaction after the intravenous administration of 
the same contrast medium. It was then postulated that 
the lung may be the effector organ causing systemic 
reactions. It should be noted that no severe or fatal 
reactions were encountered in Lang’s study. Thus, the 
risk of severe reactions of subsequent examinations with 
intraarterial injection in patients who have had previous 
anaphylactoid reactions from intravenous contrast me- 
dium injections remains undefined. 

Our previous experience includes two patients who 
had documented histories of severe contrast medium 
reactions from intravenous urography. Both subse- 
quently had angiography after pretreatment with steroids 
and antihistamines. One patient received 50 mg of intra- 
muscular Benadryl and 100 mg of intravenous hydrocor- 
tisone '/2 hr before and 200 mg of hydrocortisone imme- 
diately before the procedure. He developed mild anaphy- 
lactoid reaction manifested by transient mild broncho- 
spasm during renal angiography. The other patient who 
was pretreated with 60 mg of oral prednisone daily for 2 
days and 50 mg of intramuscular Benadryl prior to the 
procedure had no reaction during pulmonary angiogra- 
phy. 

In 1975, Miller et al. [15] described a patient who had 
two previous “anaphylactic” reactions to both intrave- 
nous and intraarterial administration of the contrast 
medium. Subsequently, after prophylactic pretreatment, 
the patient underwent renal arteriography without any 
reaction. This patient was pretreated with 20 mg of 
prednisone and 50 mg of diphenhydramine orally every 6 
hr for 72 hr prior to arteriography. Although IgE-depend- 
ent mechanism was not found to be the type of sensitivity 
in this patient, desensitization was performed by gradu- 
ally increasing intraaortic doses of the contrast medium. 
Zweiman et al. [12] also advocated the use of steroid 
pretreatment for a subsequent contrast medium study in 
patients with previous reactions to contrast media. Thus, 
in our case, in view of the strong clinical indication for 
aortography, we proceeded with cautious optimism 
about reaction risk. 

Experience in this case, anaphylactoid response de- 
spite pretreatment with steroids, emphasized two facts: 


(1) the specific cause of anaphylactoid reactions is not 
known, and thus reactions cannot be expected to be 
reliably prevented by nonspecific steroid therapy; and (2) 
in patients with previous severe reaction to intravenous 
urographic contrast material, arteriography cannot be 
carried out with impunity. 
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Carcinoid Syndrome Treated by Hepatic Embolization 


|. PUEYO,' J. R. JIMENEZ,’ J. HERNANDEZ,’ A. BRUGAROLAS 2 M. GARCIA-MORAN,? J. L. GARCIA-MUNIZ.° 
AND F. ARROYO* 


The carcinoid syndrome has almost always been associ- 
ated witn hepatic metastases [1, 2]. These symptoms 
have been treated by serotonin antagonists as well as 
chemotherapeutic agents [3]. Remission of carcinoid 
syndrome has also been accomplished by ®Co radio- 
therapy to the liver [4]. Partial hepatectomy has been 
performed for localized liver metastases [5]. Hepatic 
dearterialization alone [6] or combined with infusion of 
S-fluorouracil via the portal vein or the hepatic artery has 
controlled carcinoid syndrome [7]. This communication 
reports tne successful management of carcinoid syn- 
drome by transcatheter hepatic artery embolization in a 
patient whe was a poor surgical risk because of the 
syndrome itself. An elective right hepatectomy was per- 
formed 1 month after embolization. 


Case Report 


A 67-year-old male was seen because of episodes of dyspnea, 
tachycardia, flushing, and edema of the face and neck. These 
episodes, lasting about 1 week, occurred every 3-4 weeks for 2 
years. More recently they were accompanied by watery diarrhea, 
malaise, and an 8 kg weight loss. The firm liver edge was 
palpated 15 cm below the costal margin. Pertinent laboratory 
data are summarized in table 1. 

Chest radiography showed some volume loss of the left upper 
lobe. Fiberoptic bronchoscopy and biopsy of the left upper lobe 
bronchus were negative. Radiographic bone Survey was normal. 
The radionuclide scan showed no uptake in the right lobe of the 
liver. Barium enema, upper gastrointestinal, and small bowel 
series were normal. Hepatic angiography revealed several large 


hypervescular masses in the right lobe (figs. 1A and 1B). A 
celiac injection did not show any pancreatic abnormalities. 
Supericr mesenteric angiography opacified a stellate configu- 
ration cf the arteries in the ileal area, demonstrated best after 
the injection of 8 ug of epinephrine, suggestive of a carcinoid 
tumor. Thoracic aortography was normal. Symptomatic therapy 
produced transient improvement for 3 weeks. The carcinoid 
syncrame reappeared, leading to deterioration contraindicating 
surgery. 

Right hepatic artery embolization was performed using about 
30 fragments of gelatin sponge (Spongostan, Ferrosan, Den- 
mark), SO x 2 mm, through a no. 7 French end-hole Teflon 
catheter introduced via the femoral artery (fig. 1C). Intravenous 
ampicillin was given prophylactically. The response was dra- 
matic; 20 min after embolization, all symptoms of carcinoid 
syndrome disappeared. The patient complained of right shoul- 
der and ‘lank pain and had a paralytic ileus. On postemboliza- 
tion day 2, the uric acid (12 mg/100 ml) and blood urea nitrogen 
(122 mg. 100 ml) were elevated and the patient was Oliguric. 
Peritoneal dialysis was instituted for 48 hr. By day 4, sympto- 
matic therapy was discontinued. 

The patient did well; 1 month later repeat angiography 
showec recanalization of several arterial branches (fig. 1D). 
Elective right hepatic lobectomy, appendectomy, and resection 
of Meckel’s diverticulum were performed. The left lobe of the 
liver and the gallbladder were normal. There were ileal adhe- 
sions but no evidence of tumor. The excised liver weighed 2.35 
kg and contained multiple carcinoid masses. 

The postoperative period was uneventful. An isotopic liver 
scan 1'2 months after surgery showed normal uptake in the 
hypertraphied left lobe. The patient has been followed in the 
Outpat en’ clinic at 2 month intervals, and 1 year after surgery is 
asymptomatic. Physical examination, repeat liver scan, and 


TABLE 1 
Laboratory Findings 

















ipá SGOT SGPT Aikalne Uric Acid Bilirubin 
Day Mha at (IU/ml) U/ml) Bic fee (mg/100 mi) (mg/100 ml) 
BON fs wud in needa oor 1 67 73 161 4.5 8.6 1 
Medical therapy .......... 14 47 15 23 4.5 53 dag 
Embolization ............. 45 4.6 480 610 8 12 1 
46 5.4 780 830 16 9 
49 75 1,280 1,200 23.5 10.2 1 
Right hepatectomy ........ 75 3.6 36 38 7 4.4 
ERSCHEIGS 6.5.66. sceveess 135 8.1 52 45 ia es 
Outpatient control ........ 165 6.4 22 18 5.5 
250 wave 22 ae 5.0 5.2 1 
310 8.6 22 12 7 5 1 
437 8.5 


Note. — Normal ranges of laboratory values are as follows: 5 HIAA, 0-10; SGOT, 8-40; SGPT, 5-30; alkaline phosphate, 3-13: uric acid. 0-7; and bilirubin, 1. 
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Fig. 1.—Right hepatic arteriograms. A, Large hypervascular masses in right hepatic lobe. B, Hepatographic phase showing 
dense tumor staining. C, Immediately after embolization of right hepatic artery with multiple fragments of gelatin sponge. No 
tumor vessels are seen. D, 1 month after embolization. Partial recanalization of intrahepatic arteries. No tumor vessels are 
seen. Intrahepatic radiolucencies (arrows) are secondary to tumor necrosis. 


biochemical data (table 1) are normal. The chest radiograph has 
not changed. 


Discussion 


Experience with hepatic embolization is limited, but its 
effects and risks can be compared to those produced by 
surgical ligation or acute iatrogenic thrombosis of the 
hepatic artery. A high mortality rate after hepatic artery 
ligation, secondary to liver failure, was initially reported. 


However, more recent studies, including a review of the 
literature comprising 322 cases, demonstrate the safety 
of the procedure in patients without hepatic insuffi- 
ciency, shock, or other associated injuries; the mortality 
rate attributed to the ligation has been 3.7% [8]. 
Although it was previously thought that the hepatic 
artery circulation was functfdnally terminal, it has been 
clearly demonstrated that rapid revascularization 
through intra- and extrahepatic collaterals occurred after 
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hepatic artery embolization [9-11] as well as hepatic 
artery ligation [12, 13]. The functional integrity of the 
portal vein is a necessary requirement prior to proceed- 
ing with liver embolization, because the normal liver 
survives the ischemic period probably by increasing the 
extraction of oxygen from the portal blood [14]. 

Experimental artery ligation in dogs carries a high 
mortality rate, due to liver necrosis secondary to anaer- 
obic bacteria. This complication can be prevented by the 
administration of antibiotics [15-17]. Although the hu- 
man liver does not harbor anaerobic bacteria, abscess 
formation after hepatic artery embolization remains a 
possibility and prophylactic coverage with antibiotics 
should be used. Gallbladder infarction is another poten- 
tial complication and indeed such a case has been 
recently reported [18]. In our patient the gallbladder was 
normal and surgical series [19, 20] indicate the rarity of 
this complication. 

Control of the blood sugar values may also be impor- 
tant, because hepatic hypoxia produces mobilization of 
glucose which may lead to hypoglycemia. Infusion of 
hypertonic glucose may prevent mobilization of glucose 
as well as increase hepatic blood flow [21]. 

Hepatic artery embolization has not been widely used 
despite the success of embolization procedures in other 
organs in the last few years. This approach has been 
used in patients with primary and secondary malignant 
neoplasms of the liver [22-24]. Transcatheter hepatic 
artery embolization has also been used to treat hemobilia 
[9, 10], and to control hemorrhage secondary to hepatic 
trauma [11, 25]. 

The marked elevation of the hepatic enzymes (table 1) 
returned to normal in 4 weeks. Similar observations have 
been reported in an experimental study in dogs [17] and 
in five patients treated by hepatic embolization [24]. 

The ischemic process in the tumor caused an immedi- 
ate subsidence of symptoms of carcinoid syndrome. Our 
case had severe right flank and shoulder pain, the latter 
possibly due to necrosis of the mass adjacent to the 
diaphragm. The oliguria associated with elevated blood 
urea nitrogen and uric acid, despite adequate hydration, 
may have been due to the large volume of necrotic 
tumor. Lack of response to diuretics necessitated peri- 
toneal dialysis for 48 hr. 

The postoperative period (elective right hepatectomy) 
was benign, and a follow-up period of 1 year has dis- 
closed evidence of neither recurrence nor primary tu- 
mor. The patient has continued asymptomatic and leads 
a normal life. 

The search for a primary tumor has been extensive, 
including bronchoscopy and biopsy of the left upper 
lobe bronchus; barium studies of the colon, small bowel, 
and upper gastrointestinal tract; celiac and mesenteric 
angiography; and thoracic aortography. At surgery no 
primary tumor was found in the abdomen, and anato- 
micopathologic studies did not show a tumor either in 
the appendix or in a MecRel’s diverticulum. 

Small tumors rarely metastasize: only 2% of the small 
bowel carcinoids under 1 cm in diameter do so [26]; it 


would be expected that a primary tumor responsible for 
such massive liver involvement would be found. To the 
best of our knowledge primary multicentric hepatic car- 
cinoid has not been reported. We cannot dismiss that 
possibility, but carcinoid tumor growth is slow and only 
a longer follow-up period may help to settle the question. 
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ADDENDUM 


Since this paper was submitted, D. J. Allison, |. M. Modlin, 
and W. J. Jenkins have reported two cases with multiple 
carcinoid metastases in the liver and carcinoid syndrome, 
treated by embolization of the hepatic artery with gelatin sponge 
(Lancet 2:1323-1325, 1977). The carcinoid syndrome was im- 
mediately controlled in both cases. A second embolization 
procedure was performed 6 months later in one of the patients. 
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CT Diagnosis of Pericardial Cysts 


ROBERT D. PUGATCH,' JOHN H. BRAVER,’ ALAN H. ROBBINS,’ AND L. JACK FALING? 


Pericardial cysts are infrequent although not rare benign 
intrathoracic lesions [1-3]. Accurate diagnosis may pre- 
vent unnecessary thoracotomy. Many radiologic tech- 
niques hawe been used to diagnose this entity, and 
typical radiologic findings have been described [4-10]. 
Two patierts seen at Boston Veterans Administration 
Hospital had mass lesions contiguous with the heart on 
standard radiographs; both were further examined with 
an Ohio Nuclear Delta 50 2'/2 min CT body scanner. 
Scanning in the supine, prone, and decubitus positions 
and measurement of attenuation coefficients demon- 
strated that these masses were of a cystic nature consist- 
ent with a pericardial cyst. Thoracotomy confirmed this 
finding in ene patient. 


Case Reports 


Case 1 


A 45-year-cld asymptomatic male was admitted for evaluation 
of an abnormal chest film which demonstrated a mass lesion 
contiguous te the right heart border (figs. 1A and 1B). Review 





A 


of a film made 6 months before this admission showed the mass 
to have enlarged. History, physical examination, and laboratory 
data were normal. 

Fluoroscopy and cardiac series revealed diminished pulsa- 
tions along the right heart border with no change in the mass 
demonstrated during the respiratory cycle or on decubitus and 
Trendelenburg positions. An isotope angiocardiogram showed 
the abnormality to be separate from the cardiac chambers. A 
supine CT scan performed with and without contrast enhance- 
ment demonstrated a sharply marginated lesion with Delta 
numbers in the 0-10 range contiguous to the right heart border 
but separate from the cardiac chambers. The abnormality did 
not enhance with intravenous contrast (fig: 1C). On prone and 
decubitus scans, the mass further changed in size and configu- 
ration suggesting a mobile fluid-filled cystic structure (fig. 1D). 
In view of the progressive enlargement of this lesion, thoracot- 
omy was performed and a pericardial cyst was removed. 


Case ? 


This 50-year-old male was followed in the hypertension clinic. 
Routime posteroanterior and lateral chest films demonstrated a 
homogeneous, sharply marginated mass inseparable from the 


Fig. 1.—A and B, Radiographs showing mass causing apparent enlargement of right heart border. C and D, Supine and prone scans, respectively, 
showing nonenkancing mass lesion (arrows) contiguous to right side of heart. Configuration of mass differs between scans. Attenuation numbers were 


those of cystic lesion. 
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Fig. 2.—A and B, Films showing right anterior right cardiophrenic angle mass. C and D, Supine and prone scans, respectively, demonstrating 
changes in configuration of mass (arrows). Attenuation numbers were compatible with cystic mass. 


right heart border and occupying the right anterior cardi- 
ophrenic angle (figs. 2A and 2B). Review of a previous film 
showed that the lesion had remained unchanged during a 2 
year interval. Fluoroscopy and cardiac series showed the mass 
as inseparable from the right heart border and able to transmit 
diminished cardiac pulsations. 

CT scans confirmed the lesion in the anterior cardiophrenic 
angle separate from the cardiac chambers with Delta numbers 
in the 0-10 range. The mass changed on supine compared to 
prone scans (figs. 2C and 2D). The patient was discharged with 
a diagnosis of a pericardial cyst. 


Discussion 

Although pericardial cysts and diverticula are infre- 
quent lesions, their recognition and distinction from 
more significant abnormalities of the pericardium and 
contiguous anterior and middle mediastinum is impor- 
tant. The majority of pericardial cysts can be accurately 
diagnosed with appropriate plain films, chest fluoros- 
copy, and cardiac series. Cardiac ultrasound provides 
additional useful information if the mass approximates 
the chest wall [5, 6]. However, difficulties in diagnosis 
may arise in two settings: (1) when the appearance of the 
chest radiograph is unusual, that is, the lesion does not 
lie in the right or less frequently the left anterior cardi- 
ophrenic angle; or (2) when a presumed pericardial cyst 
is found in a symptomatic patient. 

The two pericardial mass lesions we examined with CT 
allowed us to provide distinct information which we feel 
allows for an accurate diagnosis of a pericardial cyst. 
The mass lesions seen on the chest films were contig- 
uous to and inseparable from the heart border. On CT, 
the masses were of a different density than the heart 
itself, did not enhance with intravenous contrast admin- 
istration, and had attenuation coefficients compatible 
with cystic lesions diagnosed by CT in the body [10, 11]. 
Impressive changes in the size and configuration of the 


masses in various projections provided further support 
for the cystic nature of these lesions. 

We believe that when clinical and radiographic evalu- 
ation supports the diagnosis of a pericardial cyst, tho- 
racic CT scanning should be obtained to confirm the 
diagnosis. If further confirmation is required, needle 
aspiration of these lesions using fluoroscopic, ultrason- 
ographic, or CT guidance is recommended. Thoracot- 
omy should only be performed in the symptomatic pa- 
tient with a pericardial cyst. 
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Lipoma of the Corpus Callosum Associated with a Frontal Bone Defect 


MARVIN W. KUSHNET' AND RICHARD L. GOLDMAN' 


There have been about 80 reported cases of lipoma of 
the corpus callosum. The diagnosis of callosal lipoma 
has been greatly facilitated by the advent of computed 
tomography (CT) [1, 2]. We report a case of lipoma of the 
corpus calosum associated with a midline defect in the 
frontal bone into which the tumor extended. We believe 
this to be only the sixth reported case of its kind and the 
first diagnosed by CT. 


Case Report 


A 64-year-old white female began to experience convulsions 
in her sleep at age 17. At age 21, phenobarbital was prescribed 
and, later wnen daytime seizures were documented, phenytoin 
was added to her regimen. The patient stated that since birth, a 
fleshy soft tissue prominence which she referred to as her 
“birthmark” had been present on her middle forehead. 

Physical examination revealed a prominent forehead and a 
dimpled softtissue mass with some pigmentation in the midline 
at the hairline. Hypertelorism and a slight saddle nose deformity 
were also noted (fig. 1). Neurologic examination was normal but 
electroencephalography revealed a left temporal irritative focus. 
Skull films revealed a defect in the frontal bone near the midline 
and irregula” intracranial calcifications (fig. 2). CT showed the 
calcifications to be partially within a mass with an absorption 
coefficient as low as —50 EMI units, indicating a lipoma (figs. 
3A and 38) which extended into the frontal bone defect (fig. 
3C). Due to the position of the lipoma, it was difficult to 
ascertain the existence of partial agenesis of the corpus cal- 
losum. Bilateral carotid angiography revealed marked distortion 
of the antertor cerebral vessels with enlarged and superiorly 
displaced pericallosal arteries. Surgery was deemed unneces- 
sary, and the patient was discharged on anticonvulsant medi- 
cation. 


Discussion 


Lipoma of the corpus callosum is believed to be 
congenital and is sometimes associated with other mid- 
line dysraphic defects including hypertelorism, median 
cleft nose, myelomeningocele, funnel chest, agenesis of 
the cerebellar vermis, spina bifida, and cranium bifidum 
[3, 4]. In about 50% of cases, the lipoma is associated 
with agenesis of the corpus callosum. Various degrees 
of accompenying hydrocephalus are also seen [2, 5]. 
Zettner and Netsky [4] reported a lipoma associated with 
a superior midline occipital bone defect, and Oftedal [6] 
described a similar case with a defect in the parietal 
region. In our case a callosal lipoma extended into and 
possibly through a defect in the frontal bone, a finding 
which has been described in only five other cases [7, 8]. 
Also a subcutaneous soft tissue mass overlay the frontal 
bone defect. 
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Abot 50% of cases of callosal lipoma are asympto- 
matic Seizures are the most common clinical manifes- 
tation, but headache, hemiplegia, vomiting, vertigo, 
emotional lability, or mental retardation may occur [2]. 
The epilepsy does not seem to be related to local pres- 
sure, since no signs of pressure atrophy are apparent in 
the acjacent brain tissue [9]. Surgery of this lesion can 
be dificult and is usually not recommended due to the 
vascularity of the tumor and involvement of the anterior 
cerebral arteries [2, 4, 5, 9, 10]. Patel [9] found that the 
surgica mortality is around 64%. Only two instances of 
uneventful recovery from surgery have been reported 
and in only a single case was the patient’s condition 
improved by complete removal of the tumor [4, 11]. 
However, surgical relief of significant hydrocephalus 
may be indicated [2]. Management with anticonvulsant 
medication is advocated for patients presenting with 
epilepsy [2, 4, 5, 9]. 

The plain skull findings of lipoma of the corpus cal- 
losum were first described by Sosman in 1939 (cited in 
[10]) and most often consist of curvilinear calcifications 
in the region of the genu of the corpus callosum, some- 
times surrounded by an area of unusually low density. 
Angiography demonstrates dilated and displaced peri- 
callosal arteries either incorporated within or lying on 
the surace of the tumor [10]. By clearly demarcating the 
lipoma and assigning it a negative attenuation coeffi- 





Fig. 1.— Midline dimpled soft tissue mass at hairline 
associated with hypertelorism and saddle nose deform ty. 
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cient, computed tomography is the most effective and 
least invasive tool in establishing the diagnosis of lipoma 
of the corpus callosum [1, 2]. 
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Fig. 2.—Posteroanterior (A) and 
lateral (B) skull films showing 2 x 
2.5 cm area of bosselated intracra- 
nial calcification deep to smoothly 
outlined irregular defect (arrow) in 
frontal bone. 


Fig. 3.—A and B, Fatty mass with 
attenuation coefficient as low as 
-50 EMI units extending to frontal 
bone. Several calcifications are 
within lipoma. Inferior third ventricle 
is midline and moderately enlarged. 
C, Wide window settings. Lipoma is 
well visualized and strand of fatty 
tissue extends into bony defect (ar- 
row). 
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Giant Papilloma of the Thoracic Esophagus 


JOHN H. WALKER’ 


Distal esophageal tumors are not uncommon. Their 
characteristics are usually sufficiently typical to ensure a 
high radiographic correlation with the tissue diagnosis. 
Squamous and junctional adenocarcinomas form the 
bulk of distal esophagus tumors. The occasional leio- 
myoma is so typical it rarely requires tissue confirmation 
or surgical interference in the asymptomatic patient. 
Squamous papilloma is a rare esophageal tumor, so rare 
that the literature is devoid of a radiographic description 
although differential diagnostic discussions do mention 
papilloma in classifications of distal esophagus tumors. 


Case Report 


A 37-year-old robust overweight male complained of recur- 
rent episodes of heartburn and occasional vomiting after eating. 
Within the past month he had produced bright red blood in his 
emesis, but admitted no dysphagia. He drank heavily but did 
not smoke. 

Gastrointestinal examination clearly demonstrated a large 
(2 x 5 cm), movable, soft-appearing, papillary, intraluminal 
tumor attached to the anterolateral aspect of the terminal 
esophagus (fig 1). Peristaltic activity was not interrupted, yet it 
was difficult to differentiate the gastroesophageal junction. Free 
gastroesophageal reflux was easily demonstrable. It could not 
be determined whether the reflux was associated with hiatal 
hernia or secondary to the relative incompetence of the gastro- 
esophageal junction due to the intraluminal mass. At endos- 
copy, multicle biopsies were obtained from this freely movable, 
not obvious y ulcerated, nonfriable lesion. Preoperative mano- 
metric sphincter pressure was 17 mm with marked spontaneous 
reflux. 

Microscopic sections showed a well organized, branching, 
fibrovascula~ core of frondlike tissue superfically covered with 
benign stratified squamous epithelium without any atypia or 
dysplasia and with no inflammatory change (fig. 2). Diagnosis 
was unequivocally squamous papilloma of the esophagus. 

At surgery, the esophagus was opened longitudinally and the 
papilloma identified immediately beneath the esophagotomy 
and removec. The tumor was superficial, involving only the 
mucosa of a relatively small arc of the esophageal circumfer- 
ence, for a distance of 5 or 6 cm. After the soft mass was 
removed, the esophagus was closed in a two layer fashion. The 
hiatus herni was repaired by the Hill method. Intraoperative 
manometrics were performed during the procedure with final 
sphincter pressure of 55 mm Hg and a pressure of 65 mm Hg 
within the esophagus. Nothing either before or during surgery 
indicated the presence of esophagitis, even though reflux was 
noted at the original fluoroscopic examination. 

At discharge, the patient was able to swallow without diffi- 
culty. He has since been lost to follow-up. 


Discussion 


Few references to squamous papilloma of the esopha- 
gus are in tre literature, although papillomas have been 
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descrided as incidental findings in large autopsy series 
of bet gn esophageal tumors [1, 2]. Stout and Lattes [3] 
Stated that true papillomas of the human esophagus do 
not eest; they considered all previously reported cases 
as inflammatory in origin. Adler et al. [4] reported that 
the Meyo Clinic had no documented benign papillomas 
in a 15 year period during which 41 benign tumors were 
found at autopsy. However, they reported a 71-year-old 
Caucasian male in which a squamous papilloma was 
identi®ed as an incidental finding at autopsy. The papil- 
loma measured less than 1 cm in diameter. Weitzner and 
Hentel [5] noted that the case of Adler et al. [4] was 
assoc eted with a stricture of the distal esophagus and 
hiatal hernia. implying an association with reflux. Weitz- 
ner amd Hentel’s case [5] was also anecdotal, demon- 
stratinc a 1.5 x 1 cm lesion. 

Consdering the size of the tumors previously de- 
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Fig. 1.— -arge bubbly-appearing collection of tumor in distal esopha- 
gus. 
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Fig. 2.—A, Gross resected specimens of 
smooth polypoid excresences. B, Low power 
photomicrograph showing smooth, well or- 
ganized, frondlike structure. C, High power 
photomicrograph illustrating benign strati- 
fied squamous epithelium without dysplasia, 
atypia, or inflammatory change. 


scribed, it is not surprising that there has been no 
previous radiographic description or observation. Sev- 
eral cases documented by endoscopy, biopsy, or surgery 
had unremarkable x-ray studies [4, 6-8]. Because of the 
benign character of the true papilloma as exhibited in 
this case, and the lack of any demonstrable inflammatory 
change, speculation as to future malignant potential 
would seem unwise. Several authors suggest this entity 
be considered a potentially premalignant lesion but with- 
out basis to support this premise [4, 5]. Adler et al. [4] 
concluded that this type of papilloma has no malignant 
potential whatsoever. Darani and Villa [7] concur, point- 
ing out that no reported cases have demonstrated malig- 
nant behavior. 

The lesion in the current case bears little resemblance 
to any other entity. A verrucous carcinoma would not 
show the soft characteristics noted, and a food bolus is 
easily eliminated from differential consideration by his- 
tory and lack of obstruction. Villous adenoma does not 
arise in squamous-lined esophagus, although a junc- 
tional lesion conceivably could develop a villous ade- 
noma; it also is a rare lesion of the upper gastrointestinal 
tract. 








ADDENDUM 


Since submission of this manuscript, an additional case has 
been reported (Parnell SAC, Peppercorn MA, Antonioli DA, 
Cohen MA, Joffe N: Squamous cell papilloma of the esophagus. 
Gastroenterology 74:910-913, May 1978). 
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Pancreatic Duct Obstruction: A New Observation during Fine Needle Percutaneous 
Transhepatic Cholanciography 


PATRICK C. FREENY' AND LECN*RD ROSOFF, JR.? 


Reflux of contrast medium from the common bile duct 
into the main pancreatic duct has been observed during 


surgical and T-tube cholangiography [1, 2]. Usually only. 


a short segment of the pancreatic duct fills, and this is 
noted merely as an incidental finding. We report a case 
in which neoplastic obstruction of the main pancreatic 
duct was demonstrated during fine needle percutaneous 
transhepatic cholangiography. 


Case Report 


An 80-year-old male was seen because of acute onset of 
jaundice, right upper quadrant pain, and fever. Initial evaluation 
at another hospital included normal intravenous cholangiogra- 
phy and barium examinations of the upper gastrointestinal tract 
and colon. A °™Tc sulfur colloid liver scan showed mottled 
areas Of photon deficiency in the right lobe and increased 
activity in the spine. Percutaneous liver biopsy showed acute 
and chronic inflammatory changes, edema of portal triads with 
infiltration by polymorphonuclear leukocytes, and canalicular 
bile plugs. Liver function tests were abnormal: alkaline phos- 
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phatase, 465 IU/liter; SGOT, 44 IU/liter; total bilirubin, 2.2 mg/ 
100 m! Initial impression was active hepatitis and medical 
treatment was initiated. 

Lack of satisfactory response to treatment led to transfer to 
the Visa nia Mason Medical Center 3 weeks later. O^ arrival, the 
patient was jaundiced and febrile, and complained of right 
upper <bdominal pain. Values of liver function tests were 
Slightly slevated from the previous levels. Gray scale ultrason- 
ograpřy showed a 3 cm mass in the tail of the pancreas, an 
enlarged liver, and dilated left intrahepatic bile ducts. 

Fine needle percutaneous transhepatic cholangiography 
demonsrated normal extrahepatic biliary ducts with distortion, 
displacement, smooth encasement, and focal steroses of the 
right inwahepatic ducts (fig. 1A). The left intrahepatic ducts 
were mmimally dilated. During cholangiography, contrast me- 
dium ref uxed freely into the main pancreatic duct. To facilitate 
filling cfthe distal portion of the duct, the patient was placed in 
a left posterior oblique position and additional contrast material 
was injected. Despite good filling of the main dust and side 
branches, a normal, finely tapered duct terminus could not be 
identified (fig. 1B). 

The combination of findings suggested possible carcinoma 





Fig. 1.—A, Intrahepatic ducts show distortion, focal stenoses, and 
occlusions (arrows). Many right intrahepatic ducts failec to fill. B, 
Terminus «f the main pancreatic duct is abrupt and nodular (arrow) 
indicating «bstruction. 


' Department of Diagnostic Radiology, Mason Clinic, 1100 Ninth Avenue, Seattle, Washington-98111. Address reprint requests to P. C. Freeny. 
? Section of Gastroenterology and Liver and Biliary Tract Disorders, Mason Clinic, Seatle, Washington 98111. 


Am J Roentgenol! 131:521-522, September 1978 
© 1978 American Roentgen Ray Society 


0361-803X/78/0900-0521 $00.00 


522 CASE REPORTS 





Fig. 2.—Normal pancreatic duct terminus is smooth and finely tapered 
(arrows). 


of the tail of the pancreas metastatic to the liver. Pancreatic 
angiography performed the next day demonstrated a tumor in 
the tail of the pancreas and multiple hypovascular liver metas- 
tases. Repeat percutaneous liver biopsy showed metastatic 
adenocarcinoma; electron microscopy identified the pancreas 
as the primary site. The patient expired 1 month later. 


Discussion 


Fine needle percutaneous transhepatic cholangiogra- 
phy has facilitated the rapid evaluation of jaundiced 
patients [3-5). Those patients with jaundice due to car- 
cinoma of the pancreas usually have extrahepatic bile 
duct obstruction at the level of the porta hepatis or 
intrapancreatic common bile duct [3, 5]. The morpho- 
logic characteristics of neoplastic obstruction of the bile 
duct are well known [6-8]. Endoscopic retrograde cnol- 
angiopancreatography has shown that the most common 
finding of pancreatic carcinoma is obstruction of the 
main pancreatic duct, with frequent encasement or ob- 
struction of the contiguous common bile duct [9, 10]. 
The normal pancreatic duct follows a variety of courses, 
terminating at the splenic hilum in a finely tapered single 
or forked duct (fig. 2) [11, 12]. Filling of the proximal 
main duct and side branches with failure to fill the 
normal ductal terminus indicates obstruction [10, 11]. 

In our patient, filling of the main pancreatic duct and 
side branches was observed during fluoroscopy: how- 


ever, despite repeated injections and repositioning of 
the patient, the normal ductal terminus could not be 
identified. The combination of the distorted and oc- 
cluded intrahepatic ducts and the obstructed distal pan- 
creatic duct led to the correct diagnosis, which was 
confirmed angiographically and pathologically: carci- 
noma of the tail of the pancreas with liver metastases. 
This case illustrates a new finding seen during percu- 
taneous transhepatic cholangiography: obstruction of 
the main pancreatic duct. We do not recommend forceful 
attempts to reflux contrast material into the pancreatic 
duct during cholangiography; however, if free reflux 
occurs, careful patient positioning and repeat injections 
may adequately opacify the pancreatic duct and, in 
certain circumstances, give valuable information. 
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Infant Botulism: An Unusual Cause of Intestinal Hypomotility 


DAVID F. MERTEN, 2 KENNETH LEUNG °? AND DAVID S. GOLLER’ 


Infant botulism is a recently described syndrome of 
generalized hypotonicity in babies in whom Clostridium 
botulinum organisms and toxin have been isolated from 
the feces [1]. Since 1976 when the disease was first 
recognized, at least eight cases have been reported in 
California, and additional cases have been documented 
in other parts of the United States [2, 3]. Sudden onset 
of generalized muscle weakness and regression of motor 
development in a previously healthy infant are character- 
istic of this disease [2]. Physical findings include ptosis, 
ophthalmoplegia, reduced facial expression, dysphagia, 
pooling of oral secretions, diminished gag reflex, and 
poor anal sphincter tone. Constipation secondary to 
intestinal hypomotility is a prominent part of this syn- 
drome [3]. 

We report an infant with the botulism syndrome in 
whom intestinal hypomotility was associated with pro- 
longed retention of barium following colon examination. 


Case Report 


A 3-month-old white male infant presented with diffuse mus- 
cle weakness and constipation. He was in good health and had 
developed normally until the present illness. Over a 1-2 day 
period, he developed diminished motor activities so that he was 
no longer able to hold up his head or roll over. Bowel move- 
ments decreased in frequency from one to two daily to one per 
week. There was no fever or other sign of infection. The parents 
and three siblings were in good health, and there was no known 
exposure to drugs, toxic substances, or reptiles. Abundant fecal 
material without evidence of obstruction was seen on abdomi- 
nal radiograph. Barium examination of the colon was normal 
although diminished motility was noted (fig. 1). 

The infant was admitted to the UCD-Sacramento Medical 
Center 3 weeks after onset of the illness. Bilateral ptosis, 
diminished facial expression, loss of muscle tone, and normal 
extraocular movements were noted. There was no dysphagia, 
and the gag reflex was normal. Deep tendon reflexes were 
diminished. 

Routine blood and urine examinations were normal. Serum 
calcium, phosphorus, alkaline phosphatase, blood urea nitro- 
gen, glucose, ammonia, lactic acid, and electrolyte levels (Na+, 
K+, Cl-) were normal. Urinary screening tests for metabolic 
abnormalities and heavy metals were negative. Thyroid studies 
(T3, T4, T4 |, thyroxine index) were normal. Electromyography 
suggested a defect of the myoneural junction. Radiographic 
examination of the abdomen 13 days after the barium enema 
revealed a large amount of residual barium in the distal large 
bowel (fig. 2). 

Clostridium botulinum type A toxin was identified by fluores- 
cent antibody technique in two stool specimens. C. botulinum 
type A was cultured from fecal specimens. No C. botulinum 
toxin was found in the serum. Steady improvement was noted 
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in muscle tone and motor activity. Constipation resolved, and 1 
monthzafter onset of the illness the infant was almost completely 
recovered. No antibiotics or botulinum antitoxin were g ven. 


Discussion 


Constipation in infancy beyond the immediata new- 
born period is most commonly caused by an anal fissure 
creating a cycle of painful defecation and fecal retention. 
It occurs rarely, if ever, on a psychogenic basis [4]. 
Radiographic evaluation of the colon may be indicated 
in severe cases of constipation. Following barium exam- 
ination of the colon, contrast is normally evacuated in 
24-48 hr [5]. 

Prolonged retention of barium usually indicates abnor- 
mal intestinal motility. Orderly propulsion of intestinal 
contents is dependent on normal smooth musculature 
and intact, balanced innervation. Smooth muscle cells 
are capable of conducting nervous impulses as well as 
contracting. This independent activity is modified by 
intrinsic reflexes as well as extrinsic autonomic stimuli 
[6]. 

Defec-ive or diminished peristalsis may be caused by a 
number of primary and secondary disorders of smooth 
muscle function. Weakness of intestinal musculature 
may be associated with debilitation (malnutrition, 
chronie disease) and some endocrinopathies, notably 
hypothyroidism and adrenal insufficiency. Impaired 
tonus ard peristalsis may thus result in constipat on in 
the young infant. 

Abnormal reflex activity and peristalsis may resul: from 
diminution of normal reflexes. Insufficient residue in the 
alimentary canal due to dietary imbalance or gastric 
stasis as seen in pyloric stenosis will diminish the gastro- 
ileal and gastrocolic reflexes in an otherwise normally 
innervated alimentary tract. Abnormal bowel innervation, 
either intrinsic or extrinsic, may result in defective peri- 
stalsis. Organic disease of the spinal cord and brain may 
result in parasympathetic depression, autonomic imbal- 
ance, and constipation. Congenital deficiency in gan- 
glion cels of the myenteric plexus inhibit normal pro- 
gression of peristalsis, producting relative focal obstruc- 
tion to fecal passage. Acquired defects in ganglion cells 
as seen in Chagas disease are not found in infancy [4]. 

Inhibition of cholinergic activity at the smooth muscle 
receptors due to sympathetic overactivity (paralytic 
ileus), efctrolyte imbalance (hypokalemia, hypocal- 
cemia, hypermagnesemia, hypermanganesemia), as well 
as various pharmacologic agents and toxins will dim nish 
peristalsis. Drugs found to decrease peristalsis are anti- 
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Fig. 1.—A, Barium enema show- 
ing normal configuration of colon 
without evidence of focal stenosis or 
segmental aganglionosis. Peristaltic 
contractions were diminished. B, 
Plain abdominal film 10 days later 
showing large amount of barium re- 
maining in distal colon. There is no 
evidence of intestinal obstruction. 


cholinergics and narcotics, while toxins implicated in- 
cluded lead, mercury, arsenic, phosphorus, snake 
venom, and C. botulinum. 

Finally, certain disorders of unknown etiology are 
associated with intestinal hypomotility in infancy. These 
include idiopathic intestinal pseudoobstruction and the 
megacystis-microcolon-intestinal hypoperistalsis syn- 
drome. 

It is at the terminal axons of the myoneural junction 
that botulinum toxin acts by blocking release of acetyl- 
choline at the cholinergic synapses [7]. Ingestion of the 
ubiquitous, heat resistent C. botulinum spores, intestinal 
germination, and in vivo production of toxin is the most 
likely source of botulism in these infants [2]. The path- 
ways by which toxin reaches the synapses and the 
factors which predispose some infants to botulinum 
infection with intestinal toxin production remain un- 
known. 
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Pseudoaneurysm of the Arterial Anastomosis in a Renal Transplant 


S. A. RENIGERS' AND D.G. 


The development of pseudoaneurysms as complications 
of vascular surgery is not uncommon. However, only a 
few cases have been reported involving the arterial 
anastomosis in transplanted kidneys [1-4]. We report 
one case of such pseudoaneurysm, documented by 
ultrasound and arteriography, and include a short review 
of the literature. 


Case Report 


W. B., a 47-year-old black male with a 17 year history of 
hypertension and urethral stricture, developed chronic renal 
failure and was placed on hemodialysis. He received a cadaver 
renal transplant. The donor kidney had two renal arteries which 
had been taken off the aorta in a patch. This patch in turn was 
anastomosed to the recipient's external iliac artery. The trans- 
planted kidney showed relatively poor function in the immediate 
postoperative period with no significant urinary output. The 
patient received preventive radiotherapy and was followed with 
renography, renal scintigraphy, and ultrasonography. 

A renal biopsy 10 days after transplantation showed evidence 
of early rejection. Sonography 18 days after transplantation 
revealed a well delineated rounded sonolucent area about 5 cm 
in diameter, as seen on two successive longitudinal sections 1 
cm apart. This finding was considered to represent a fluid 
accumulation, most likely a lymphocele, because of echoes 
seen in its posterior aspect (fig. 1A). 

A repeat renal biopsy 23 days after transplantation was 
interpreted as acute rejection. Despite all efforts, the patient's 
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Fig. 1.—A, Longitudinal scan before voiding show- 
ing rounded sonolucent area at inferomedial aspect of 
transplanted kidney, displaying few echoes poste- 
riorly. In pre- and postvoiding films, structure did not 
change in size, proving it was not connected to blad- 
der. K = kidney, F = fluid accumulation. B, Arterial 
phase of transplant arteriogram showing aneurysm at 
anastomotic site. 
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cond ton continued to deteriorate with rising serum creatinine 
and bood urea nitrogen levels. Arteriography, performed 28 
days after transplantation, showed an aneurysm at the area of 
anastomosis (fig. 1B). Surgery on the same day revealed a 
pseudeaneurysm of the anastomotic patch, located in the area 
where the ultrasonogram had depicted a fluid collection. A 
transp*ant nephrectomy was performed. 


Discussion 


The arterial anastomosis in renal transplantation has 
been associated in recent series with a surgical compli- 
cation rate of 6%-14% [1, 5, 6]. The most commonly 
encountered complication is renal artery stenosis. The 
reported incidence is quite variable, ranging from less 
than 1% to 12% [1, 5-7]. A review by Smith and Erlich [8] 
sets the average rate at near 10%. Much less frequent is 
the occurence of renal artery thrombosis [1, 5, 6, 9], with 
an overall incidence of about 1%-2% [3, 10, 11]. Anasto- 
motic leaks [1, 5, 6, 9, 12] with significant to massive 
hemorrhage, either early or delayed, are even less fre- 
quently encountered and are generally due to technical 
mishaps, such as nonligated vessels, dehiscence of 
arteria anastomosis, and disrupted vessels [1, 5]. 

The development of a pseudoaneurysm of a transplant 
renal artery in the arterial anastomosis in general is a 
distinctly uncommon surgical complication. Woodruff et 
al. [2] reported one case at the anastomosis among 35 
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grafts. White et al. [3] reported a small (3 mm) false 
aneurysm in an accessory renal artery as an incidental 
arteriographic finding. A case of a pseudoaneurysm in a 
posttransplant nephrectomy was reported by Shkolnik 
and Firlit [4]. Among 525 recipients of grafts, Goldman 
et al. [1] reported five cases of pseudoaneurysms, sug- 
gesting an incidence rate of under 1%. Two of the 
pseudoaneurysms of their series were at the anastomotic 
site, two followed transplant nephrectomy, and one 
evolved from a hole in the external iliac artery created 
during previous exploratory surgery for anastomotic 
bleeding. Of those five cases, three were of a mycotic 
nature: those in transplant nephrectomies and the exter- 
nal iliac artery aneurysm. The other two were uninfected. 
No evidence of infection was seen in our case of pseu- 
doaneurysm. 

Since ultrasonic examination is widely advocated for 
follow-up of renal transplants [13-17] and is routinely 
used in most transplant centers, a pseudoaneurysm of 
an adequate size (about 2 cm or more) can be easily 
detected by B-mode ultrasonography. However, no di- 
agnosis can be made by static scans due to the nonspe- 
cificity of the findings. Unless there is a thrombus caus- 
ing internal echoes, the pseudoaneurysm is seen as a 
sonolucent structure. Consequently, the differential di- 
agnosis includes lymphocele, hematoma, and urinoma 
as the principal alternatives. These conditions are more 
prevalent than a pseudoaneurysm, particularly the lym- 
phoceles [18]. The pseudoaneurysm in our case had 
some echoes posteriorly and in retrospect this probably 
represented thrombus. However, lymphoceles frequently 
have echoes related to septum formation, so this partic- 
ular finding is not helpful in differentiating the two 
conditions. 

Due to the increased availability and popularity of real- 
time ultrasonography as well as the time-motion mode, it 
might be advisable to use either method if a pseudoaneu- 
rysm is suspected. Pulsation of the sonolucent structure 
would confirm its vascularity. Nevertheless, for a specific 
diagnosis of a pseudoaneurysm at the arterial anasto- 
mosis, arteriography should be performed. If a diagnosis 
of pseudoaneurysm is being considered, percutaneous 
fluid aspiration as advocated in cases of suspected 
lymphocele may be contraindicated. 
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Procarbazine Lung 


MARTIN D. ECKER,' BERNARD JAY, AND MARY F. KEOHANE 


Procarbazne hydrochloride has been successfully used 
both alone and in combination with other drugs in the 
treatment df Hodgkin's disease and non-Hodgkin's lym- 
phomas [7-2]. Although pulmonary toxicity has previ- 
ously beer listed as an adverse reaction to procarbazine 
therapy, this report specifically describes the pulmonary 
radiologic changes seen in adverse reactions to procar- 
bazine. 
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Case Report 


N. =., a 58-year-old male, was admitted to the West Haven 
Vetems Administration Hospital complaining of left cervical 
mass Chest radiography revealed a left hilar mass. Cervical 
biopsy and subsequent laparotomy revealed Hodgkin's disease 
of the mixed cell type. The spleen, liver, and paraortic nodes 
were mvolvec. The patient was begun on a cyclic chemothera- 





Fig. 1 —Initial chest study of 58-year-old man on procarbazinein cycle 
1 of chemotherapy regimen. A, Posteroanterior view showing fine basilar 
interstitial densities. Right cardiophrenic angle is blunted. B, Lateral 
view Sewing extensive bilateral pleuroparenchymal reactiens. C, 
Coned-down magnified view of lower right lung showing linear interstitial 
pattern and pleural changes. 
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peutic regimen of nitrogen mustard, vincristine sulfate, predni- 
sone, vinblastine, and procarbazine hydrochloride. 

While on the procarbazine phase of chemotherapy, the pa- 
tient noted the onset of weakness, chills, productive cough, and 
shortness of breath. Complete blood count showed elevated 
eosinophils. Chest auscultation revealed bibasilar rales. Chest 
radiography showed faint bibasilar interstitial infiltrates and 
pleural effusions (fig. 1). An exhaustive search for an infectious 
agent, including culture and analysis of sputum, blood, and 
urine, was repeatedly negative. All medications were stopped 
and within 4 days the patient was completely asymptomatic. 
Chest radiography revealed clear lungs. No clear explanation 
for the symptoms was established, but procarbazine sensitivity 
was suspected. 

During procarbazine administration in cycle 2, a similar 
episode occurred. A peripheral eosinophil count was again 
elevated. Procarbazine was stopped; the symptoms disap- 
peared and again no other causative agent could be found. A 
clinical trial with procarbazine was initiated; symptoms of 
cough, fever, and chills developed within 24 hr. Cessation of 
procarbazine again resulted in disappearance of symptoms. 


Discussion 


Procarbazine, a methylhydrazine derivative, causes a 
variety of biologic effects including chromosomal break- 
age in vivo, decreased mitotic activity, and immunosup- 
pressive changes [3]. Procarbazine is predominantly 
used in combination with other oncolytic agents for 
treatment of Hodgkin’s disease [1] and non-Hodgkin's 
lymphomas [2]. Procarbazine has been associated with 
both drug responses consisting of toxic and allergic 
drug reactions. Toxic reactions are due to a normal or 
abnormal pharmacologic response to the drug. Allergic 
reactions are the result of a hypersensitivity or immuno- 
logic response to the drug. Allergic reactions include 
urticaria [4], maculopapular rash [2, 5], arthralgia [4], 
and hypersensitivity pneumonitis [4, 5]. 

The gross and microscopic pathology of the lung in 
adverse drug reactions is seldom studied. In rare cases 
in which lung tissue has been obtained, the alveolar 
spaces are filled with mixed inflammatory cells with only 
little interstitial involvement, or demonstrate a fibrinous 
intraalveolar edema that progresses to a fibrous intersti- 
tial process. These histologic findings are nonspecific 
and many types of drugs have been shown to cause 
similar pathologic changes. The most common category 
of drugs associated with these parenchymal abnormali- 
ties are the antimetabolites, such as busulfan [6], meth- 
otrexate [6], bleomycin [6], cyclophosphamide [6], mel- 
phalan [7], chlorambucil [8], and procarbazine [4, 5l. 

In our patient, the pulmonic radiologic abnormalities 
were temporally related to ingestion of procarbazine. 
Although a tissue diagnosis was not obtained, a carefully 
monitored clinical challenge with procarbazine repro- 
duced the clinical symptoms within 24 hr. The failure to 


relate the clinical and radiologic changes to any other 
cause, such as congestive heart failure, infection, or 
progression of neoplastic disease, and the close chron- 
ologic relationship of procarbazine therapy to the devel- 
opment of radiographic abnormalities strongly impli- 
cates procarbazine as the causative agent. 

Our patient demonstrated a pleuroparenchymal radio- 
graphic pattern simulating collagen-vascular disease 
characterized by lineobasilar and parenchymal shadows 
accompanied by pleural effusion (fig. 1). Review of all 
previously reported adverse pulmonic reactions to pro- 
carbazine reveals this type pattern as well as the diffuse 
alveolar and interstitial patterns more characteristic of 
hypersensitivity reactions [4, 5, 9, 10]. Regardless of the 
pulmonic pattern recognized, the most important evi- 
dence for procarbazine drug reaction is the temporal 
relationship of drug administration with the development 
of fever, eosinophilia, and lung infiltrates occurring 
during procarbazine administration and promptly disap- 
pearing with withdrawal of the drug. 
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Colitis Cystica Prefunda 


JOCYLINE LEDESMA-MEDINA,' BARBARA S. FEID, AND BERTRAM R. GIRDANY 


Colitis cystica profunda is characterized by the presence 
of mucous cysts in the muscularis mucosa of the colon. 
Although it may diffusely involve the entire colon, this 
disease primarily affects the pelvic colon and rectum. 
The exact etiology is not known. 

Stark [1] first described these lesions as mucous cysts 
in the colon of two autopsied cases of chronic dysentery. 
Virchow [2] introduced the term ‘‘colitis cystica poly- 
posa.” Since the report of Goodall and Sinclair [3] in 
1956, 41 cases have been recorded in the English litera- 
ture. Epstein et al. [4] reported a 15-year-old girl and 
three other adults with colitis cystica profunda. Wayte 
and Helwig [5] reported 19 adults with localized colitis 
cystica profunda. It is apparent from this review that the 
disease is extremely rare in the pediatric age group. We 
report the second case of localized colitis cystica pro- 
funda ina child. 


Case Report 


A 13-year-old white girl was admitted to the Children’s Hos- 
pital of Pittsburgh for evaluation of anemia and growth retarda- 
tion. She had a 4 year history of rectal prolapse with bleeding. 
Rectal prolapse occurred during defecation and was reduced 
spontaneously. On physical examination her height and weight 
were at the fiftieth percentile for a normal 7-year-old girl. Her 
chest and abdomen were normal. Rectal examination revealed 
loose anal sphincter and fissures at the hyperpigmented muco- 
Cutaneous junction. 

Proctosigmoidoscopy revealed no ulcers in the rectum. Red 
edematous granular mucosa was visualized from the pectinate 
line to 10 cm of proximal rectum. A biopsy specimen at 10 cm 
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revea@jed normal mucosa and at 12 cm, mild chronic inflamma- 
tory change. Barium enema examination showed large constant 
filling defects in the rectum (fig. 1A). The retrorectal space was 
thickened (fig. 18). Upper gastrointestinal examination was 
normai. 

The anemia was the microcytic-hypochromic type and was 
believed to be due to chronic blood loss from rectal bleeding. 
The patient was treated with iron and was readmitted 3 months 
later tor surgical repair of the rectal prolapse. A type III rectal 
prolapse was found at surgery. Grossly, the rectal stump speci- 
men snowed a wrinkled, folded white-tan mucosa. Several 
pools ef gelatinous material were present in the submucosa 
(fig. 24). Microscopically, the cystic spaces in the muscularis 
mucosa were filled with mucin and were lined by flattened cells 
(fig. 25». There were no neoplastic cells. 


Discussion 


Cystic dilatation of the mucous glands of the colon are 
of two types—colitis cystica superficialis and colitis cys- 
tica profunda. The former is almost always associated 
with ællagra. There are a few reports of the disease 
being associated with tropical sprue and leukemia. In 
colitis cystica superficialis, cysts are minute and are 
diffus=ly distributed throughout the entire colon. In coli- 
tis cystica profunda, submucosal cysts are primarily seen 
in the pelvic colon and rectum and may be as large as 2 
cm in ciameter. Wayte and Helwig [5] described a diffuse 
variety of the disease in five patients whose ages ranged 
from 4 to 68 years. The 4-year-old child with diffuse 
submucosal cysts died after a chronic infectious dysen- 
tery. Of the 41 cases described in the English literature, 


Fig. 1.—Barium enema. A, Pree- 
vacuation frontal view showing in- 
traluminal filling defects in rectum. 
B, Lateral view showing thickened 
retrorectal space. 
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Fig. 2.—A, Rectal stump removed at surgery showing folded rectal 
mucosa (white arrow) and large submucosal cysts filled with gelatinous 
material (black arrows). B, Photomicrograph of rectal section showing 
large cystic spaces filled with mucin and lined by flattened cells. Mucosa 
exhibits signs of regeneration. 


36 were localized colitis cystica profunda. Our case is 
the localized type and our discussion will be limited to 
localized colitis cystica profunda. 

Clinically, patients with localized colitis cystica pro- 
funda may have rectal bleeding, rectal prolapse, diar- 
rhea, abdominal pain, and anemia. Two adult patients 
reported by Goodal and Sinclair [3] had diarrhea, ab- 
dominal pain, and anemia. Four cases reported by Ep- 
stein et al. had rectal prolapse, bleeding, diarrhea, and 
“rectal polyps.” 

The pathogenesis of these lesions is obscure. The 
consensus is that the submucosal location of the cysts is 
a result of herniation or extension of regenerating sur- 
face epithelium into the submucosa tracting down 


through mucosal ulcerations. No neoplastic cells are 
seen in these mucous cysts. Allen [6] reported three 
adults who had rectal intramural polypoid masses which 
he called hamartomatous inverted polyps; he believed 
these were congenital ectopia. 

The appearance of the submucosal cysts may be 
preceded by superficial mucosal ulcerations and chronic 
nonspecific inflammation. The two patients described by 
Goodal and Sinclair [3] had antecedent ulcerative colitis. 
Epstein et al. [4] reported reepithelialization of submu- 
cosal abscesses in two patients with ulcerative colitis. 
They postulated that this may be one mechanism of 
formation of submucosal cysts. 

The radiographic findings in our patient were localized 
to the rectum. Barium enema examination showed mul- 
tiple, irregular, large filling defects in the rectum. The 
retrorectal space was thickened. There was no pneuma- 
tosis intestinalis. Of those reported cases with radio- 
graphic examinations, intraluminal filling defects were 
the most constant findings. Radiographically, colitis cys- 
tica profunda (localized) should be differentiated from 
polyps, ulcerative colitis, pneumatosis intestinalis, en- 
dometriosis, and carcinoma. It is important to distin- 
guish colitis cystica profunda from these other lesions 
for therapeutic and prognostic reasons. Local resection 
of the diseased colon is followed by relief of symptoms. 
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Evaluation of Suspected Deep Venous Thrombosis in the Arteriosclerotic Patient 


IRA J. GORDON" 


Peripheral venography of the lower extremities has been 
considered a simple and safe procedure. Several tech- 
niques are in general use [1-3], and proponents and 
users of these techniques state that the complication 
rate is exceedingly low. However, several articles have 
reported local complications including skin necrosis [4- 
6], skin changes [7-9], and thrombosis [10]. 

The evaluation of suspected deep venous thrombosis 
in patients with severe arteriosclerotic peripheral vascu- 
lar disease can also be undertaken with '25l-labeled 
fibrinogen scanning, radionuclide venography, imped- 
ance plethysmography, and Doppler ultrasound. Should 
these noninvasive tests prove equivocal, contrast venog- 
raphy mey be indicated, but certain modifications and 
Precautions are required in this group of patients at high 
risk for significant complications. 


Case Report 


A 67-year-old arteriosclerotic and diabetic white male outpa- 
tient was seen by our service in December 1976 for venography 
of his right leg because of suspected deep venous occlusion. A 
right femoral popliteal arterial bypass had been performed 10 
days earlier. Pertinent clinical history included diabetes mellitus 
(adult onset, controlled by diet), myocardial infarction (1972), 
and multiple admissions for peripheral arteriosclerosis with 
intermittent.claudication and foot ulcers (June 1974, left femoral 
popliteal bypass; December 1976, right femoral popliteal by- 
pass). 

Cannulation of a vein in the dorsum of the right foot was 
performed using a 21 gauge scalp-vein needle with some 
difficulty; however, a cutdown was not required since blood 
could be easily aspirated. Under fluoroscopic control, 120 ml of 
60% methyigiucamine diatrizoate was injected using the 
method of Rabinov and Paulin [3]. Excellent filling of the deep 
venous system was observed fluoroscopically, and the patient 
did not experience any discomfort during the procedure. Due to 
limited vertical travel of the tabletop, the patient's foot could 
not be observed under the fluoroscope. The injection site was 
therefore monitored for cutaneous swelling intermittently by the 
examiner. Following injection of contrast material in vertical 
position, the table was placed horizontally, and 200 ml of 
normal saline was infused through the needle to prevent stasis 
of contrast material and consequent chemical phlebitis. 

Overhead films demonstrated no intrinsic venous occlusions 
but did show extravasation of approximately 10 ml of contrast 
material into the subcutaneous tissues (fig. 1). Approximately 
15 min after injection of contrast material, the patient com- 
plained of marked pain at the injection site. Following treatment 
with warm compresses and foot elevation, the patient was 
discharged. He was instructed to elevate his foot, continue to 
apply warm compresses that night, and to return to the X-ray 
department or his vascular surgeon if he continued to have 
problems at tne injection site. 
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He returned the following day with a 2.5 x 2.5 cm area of 
eschar on the dorsum of his right foot which corresponded to 
the area of extravasation on the radiographs. The foot was warm 
and had adequate tissue perfusion in the distal regions. There 
was some peripheral inflammation but no eviderce of fluctu- 
ation. There was no palpable pulse on clinical exemination, al- 
though subsequent Doppler examination confirmed arterial 
pulses into the level of the postmalleolar region. 

Despite local care of the wound and intravenous antibiotic 
coverage, the-process progressed. Ten days after the venogram, 
an 8 x 10 cm area was debrided in the operating rcom. Minimal 
bleeding was found in the margins and depth of the wound. The 
subcutaneous veins appeared thrombosed. 

Over the next several days, the patient underwent a series of 
debridements and a skin graft. The overall progress of the foot 
was unsatisfactory with no evidence of the formation of granula- 
tion tissue or of any healthy margins to the wound. Approxi- 
mately ` month after venography, the patient underwent a be- 
low the knee amputation and immediate prosthetic fitting. He 
was discharged 1 month following amputation. 


Discussion 


Accurate and safe diagnostic tests have been sought 
to evaluate patients with suspected deep venous throm- 
bosis of the lower extremities because clinical diagnosis 
may be difficult [11, 12]. Contrast venography has been 
the primary diagnostic tool for many years. The proce- 
dure isnot without morbidity [4-10]. The occurrence of 
extravasation of contrast material during peripheral con- 
trast venography is relatively common. However, there 
are only six reported cases of extravasation causing skin 
necrosis [4, 5]. We have been unable to find a single 
reported case in which extravasation required amputa- 
tion ane are inclined to agree with Spigos et al. [5] that 
‘the relatively low frequency of . . . serious complication 
can be explained in either of two ways: either cases go 
unreported, or the currently used contrast media have a 
low degree of toxicity.” The former is probably the 
case. 

In most cases of extravasation of contrast, there will 
be local swelling, some pain and redness of the skin, but 
no other complications [4, 5, 9]. In order for necrosis to 
develop there must be other factors. Several studies 
have demonstrated the deleterious effects of contrast 
media [13-19], while others have alluded to it [9]. It is 
uncertaim whether hyperosmolarity alone, or direct cel- 
lular toxicity and hyperosmolarity combined, are the 
mechanisms of cellular injury. We believe that in the 
case presented, severe arterial disease also profoundly 
contributed to morbidity. The extravasated contrast thus 
remainec in the soft tissues for a prolonged period due 
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Fig. 1.—Lateral view of right foot demonstrating extravasation 
of contrast material over dorsal aspect. 


to severe arterial insufficiency. One of the cases reported 
by Göthlin and Hallbook [4] (who seem to share our view) 
also had marked peripheral arterial vascular disease and 
an almost identical clinical course following venography. 
Thus the potential danger in performing venography in 
patients with marked peripheral arterial disease should 
be stressed. 

Noninvasive modalities seem preferable as the initial 
screening procedure for all patients with significant 
peripheral arterial disease and suspected deep venous 
thrombosis. Selection of the appropriate noninvasive 
tests should be based on the clinically suspected level of 
limb involvement. Several authors have demonstrated 
the efficacy of ‘I-labeled fibrinogen uptake tests in 
evaluating deep venous thrombosis of the calves [19- 
23]. This test becomes positive early and is reported to 
have an accuracy ranging from 68% [24] to 76% [22] to 
98% [19] (when false positives and negatives are sub- 
tracted). Doppler ultrasound [24-28] and segmental 
impedance plethysmography [25-30] have been shown 
to be highly reliable means of detecting deep venous 
thrombosis in the popliteal and iliofemoral regions. The 
combination of Doppler ultrasound and plethysmogra- 
phy is generally reported to have an accuracy well over 
90% in patients with popliteal and iliofemoral thrombosis 
[24-30]. Until recently, partially occlusive pelvic thrombi 
were a major source of error in both plethysmography 
and Doppler ultrasound [28]. The advent of radionuclide 


venography seems to have partially solved this problem 
(31, 32]. Further evaluation of this method is certainly 
warranted. If noninvasive tests are unequivocably posi- 
tive. we believe contrast venography should not be 
performed. 

The problem becomes somewhat more complex when 
noninvasive tests are equivocal or negative in the face of 
strong clinical suspicion. For all patients with suspected 
deep venous thrombosis, Strandness [28] recommends 
serial noninvasive testing to detect those who will be 
missed initially by these methods. We agree that this 
approach is certainly warranted in the arteriosclerotic 
patient population. Should serial noninvasive tests be- 
come equivocal, only then should contrast venography 
be performed. 

The technique we recommend includes the routine 
use of fluoroscopy [2, 3], making certain that the entire 
lower extremity is viewed. Furthermore, we strongly 
advocate use of a small gauge intravascular cannula 
which has been shown to significantly decrease the 
frequency of contrast extravasation [33]. In addition, 
adequate opacification of the venous system of the lower 
extremities can be satisfactorily achieved using dilute 
contrast material [9]. Dilution of the contrast agent also 
has the effect of lowering both postvenographic symp- 
toms related to contrast material [9] and complications 
arising from extravasation into the soft tissues [13-19]. 

Should extravasation of contrast occur, various meth- 
ods of treatment are currently available. These vary from 
foot elevation with hot soaks to hyaluronidase and local 
anesthetic administration, but therapy is generally con- 
servative. These precautions may well be warranted in 
every patient undergoing contrast venography, but 
should be taken without fail in this patient population if 
contrast venography is required. 
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Technical Notes 


A Modified Punch Card for Extending Filming Program of a Puck Changer 


VINCENT P. CHUANG’ AND DANIEL L. CLEMENTS' 


When a Puck changer (Elema-Schonander, Inc., Elk 
Grove Village, Ill.) is used in its automatic mode, the 
filming program is limited to a maximum of 19.5 sec. 
This is a significant drawback, since filming beyond 20 
sec is frequently necessary both in visceral angiography 
to observe the portal venous system and in peripheral 
angiography to demonstrate severe peripheral vascular 
occlusive disease. 

We have modified punch cards to allow extension of 
the filming program. A conventional punch card is 
Shown in figure 1A. The /ast punch hole and an addi- 
tional 3 mm are trimmed from the right margin of the 
first card while the first punch hole plus several millime- 
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ters are trimmed from the left margin of the second card. 
The cut margins are overlapped by one punch hole and 
taped together. This procedure enables the maximum 
length of the program to be extended to 39.5 sec with 
two cards. Two 33 sec punch cards are shown: one has 
a 24 sec program for celiac and superior mesenteric 
arteriography (fig. 18); the other has a 27 sec program 
for femoral arteriography (fig. 1C). 

To use the modified punch card, simply remove the 
card holder from the program selector panel, line up the 
card with the punch card reader in the usual manner. 
and proceed with the arteriogram. 


Fig. 1.—A, Conventional punch 
card with maximum program of 19.5 
sec. Card was punched for flush 
abdominal aortogram; exposure line 
for two films/sec for 3 sec and one 
film/sec for 4 sec; injector line for 2 
sec injection. B, Modified punch 
card with 33 sec filming capability. 
Card was punched for celiac or su- 
perior mesenteric arteriogram. Ex- 
posure line is for two films/sec for 3 
sec, one/sec for 3 sec, and one 
every 3 sec for 18 sec. Injector line 
enables 4 sec injection. C, Modified 
punch card programed for severe 
peripheral vascular occlusive dis- 
ease. Exposure line enables initial 8 
sec filming delay followed by one 
film/sec for 10 sec, one every other 
sec for 4 sec, and one every third 
sec for 6 sec. Injector line shows 10 
sec injection. Auxiliary line shows 
three punched holes at 10.5, 13.5, 
and 16.5 sec for forward motion of 
sliding top attachment for four sta- 
tion filming. 
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Easy Coronal Scans 


TIMOTHY J. GALLAGHER! 


Ever since the first scanner was introduced by James 
Ambrose at Atkinson-Morley’s in 1971, the axial projec- 
tion has become the standard reference plane for clinical 
use [1, 2]. More recently, some manufacturers have 
introduced a tilting gantry to help in obtaining a coronal 
plane in the head. However, the majority of scanners in 
use today co not have a tilting gantry, and even those 
that do have this feature often cannot produce a true 
coronal plane because of the limited angle of tilt. 

Using a piece of plywood, a discarded mechanical lift 
from a hospital bed, and the help of the hospital mainte- 
nance department, the pictured tilting lift was built (fig. 
1). This device can be used with any scanner that does 
not employ a water bag. The apparatus fits on top of the 
patient couch and can easily be cranked to an angle 
sufficient to obtain a coronal section (fig. 2). 


A 





This simple tilting table has proven to be an inexpen- 
sive me*hod for easily obtaining the coronal plane, useful 
not only with CT in the brain but with conventional 
tomography for the basal view as well. 
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Fig. 1.—A, Patent lift only slightly elevated. Note shoulder harness velcro straps, adjustable hand grips, and lifting mechanism. B, Table on its side 
with straps unfastened. 
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Fig. 2e—A, Patient lift in place on CT couch at minimal angle of elevation. B, Head in position. 
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Special Report: 


International System of Units (Sl) 


The currently used radiation units— roentgen, curie, and 
rad —are scheduled for obsolescence. To provide a com- 
mon set of units for use in all branches of the physical 
sciences, an extension of the metric system termed Le 
Système International d’Unités (SI, the International Sys- 
tem of Units) was adopted in 1960 [1]. In this system the 
units appropriate for radiologic applications are cou- 
lomb per kilogram rather than roentgen, reciprocal sec- 
ond rather than curie, and joule per kilogram rather than 
rad. However, the special name becquerel may be used 
for reciprocal second and gray for joule per kilogram [2, 
3]. This paper summarizes the history of unit develop- 
ment activities, gives the principal facets of SI, and 
indicates a probable time scale for its full implementation 
in most countries of the world. 

Before considering the International System of Units, 
it is necessary to define two terms and deal briefly with 
their interrelationship. The word quantity may mean 
either amount or a measurable physical property. For 
example, length, time, volume, and absorbed dose (of 
radiation) are all quantities in the sense of a measurable 
physical property. We shall be concerned with physical 
quantity. A physical quantity is a characteristic of matter 
or of a phenomenon definable in physical or mathemati- 
cal terms. 

The word unit also has several meanings. For present 
purposes, it will have the following meaning: a unit is an 
arbitrarily selected amount of a physical quantity. For 
example, foot, inch, and yard are all units of length. 
From these definitions, it follows that a physical quantity 
may be expressed as the product of a pure number (or 
magnitude of the physical quantity) and a unit. 

The International System of Units has resulted from 
over acentury of effort directed toward an internationally 
acceptable system of units. The first major impetus 
toward this system was made in 1875 when an interna- 
tional treaty—the Treaty of the Meter—set up standards 
for length and mass, gave names to the units for these 
quantities, and provided a permanent mechanism for 
further refinements of the system. As a result of this 
treaty we now have (1) a laboratory, the International 
Bureau of Weights and Measures; (2) an international 
scientific body, the International Committee on Weights 
and Measures; and (3) a diplomatic organization, the 
General Conference of Weights and Measures, that has 
a final say in the adoption of any modification or ampli- 
fication of the units that are recognized internationally. 

The 1875 treaty defined two units—meter and kilo- 
gram.* However, the kilogram was defined in terms of a 
volume of water, and the volume could be expressed in 
terms of the meter (i.e., cubic meters). Thus, the unit 
system under this treaty became known as the metric 


*In the United States the yard and the pound have been legally 
defined, since 1893, in terms of the meter and the kilogram. 
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system. Although the units now contained in the Inter- 
national System of Units do not all depend upon the 
meter, this term is still used. A more appropriate term 
might be modernized metric system.” 

In addition, the 1875 treaty indicated that larger and 
smaller versions of a unit would be created by multiply- 
ing or dividing by factors of 10. This system is more 
convenient than the ones currently used in the United 
States where, for example, the relationships between 
inch, foot, and mile require conversion factors of 12 and 
5,280. 

The International System of Units, adopted by the 
General Conference of Weights and Measures in 1960, 
defines a set of units called base units and supplemen- 
tary units (table 1). From these all other units of the 
system are derived by means of mathematical relation- 
ships between the other physical quantities and physical 
quantities of the base or supplementary units. For ex- 
ample, the physical quantity velocity is defined as dis- 
tance divided by time; thus, the unit for velocity in the SI 
is meter per second (m/s or m-s‘'). 

All derived units that have been given special names 
and their associated physical quantities are indicated in 
table 2. Also indicated is the mathematical relationship 
defining each of the physical quantities. The physical 
quantities associated with a given special name of a unit 
are limited. For example, the SI unit, s'', has the name 
hertz for frequency and becquerel for activity of a radio- 
nuclide. It may also be noted that gray (for the quantities 
absorbed dose, absorbed dose index, kerma, and spe- 
cific energy imparted) is a special name of meter square 
per second square (ms ?), or alternatively, joule per 
kilogram (J-kg~'). It is also seen that degree Celsius is 
given as a derived unit even though kelvin is one of the 
base units. This is primarily for convenience, and the 
numerical value in kelvin is 273.15 larger than the mag- 
nitude in the Celsius scale. 

One of the important attributes of the units in the 
International System of Units is coherence. That is, no 
conversion factors are needed for the formation of de- 
rived units from the base and supplementary units. For 
example, the noncoherent unit, calorie (for the quantity 
of heat), was popular up to perhaps a decade or so ago, 
but it has now been replaced by the coherent unit, joule, 
in most scientific usages. With such usage the conver- 
sion factor between these two units of energy need not 
be remembered; expressing results directly in terms of 
joules is generally more accurate than initial determina- 
tions in calories that are later converted to joules. 

Likewise, pressure (force per unit area) has been given 
in terms of either millimeters of mercury or millimeters 
of water. For comparison of readings obtained in the two 
units, it is necessary to know the relationships between 
them, and, for most precise work, the acceleration of 
gravity at the point of pressure determination also needs 
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TABLE 1 
Base and Supplementary Units 








Unit 
Physical Quantity 
Name Symbol 

Base 

LOU serii meter m 

Ce Ee Ce Ear kilogram kg 

NOY tise ec O t second S 

Electric current ........ ampere A 

Thermodynamic tem- 

perature............. kelvin K 

Amount of substance ..mole mol 

Luminous intensity..... candela cd 
Supprementary: 

Plane angle ........... radian rad 

Solid angle ............ steradian sr 


to be knowr. A precise and readily comparable.value of 
pressure in SI is unambiguously indicated when the 
pressure is given in pascals (1 Pa = 1N-m~?). 

Two types of units are retained for use with the 
Internationa’ System of Units that do not meet the coher- 
ence criterion. One type, exemplified by the minute and 
hour of time. is in such widespread use that retention is 
necessary. Another type, exemplified by the electron volt 
and the unified atomic mass unit, is retained because the 
value of the unit depends on its experimental determi- 
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natiom and therefore has an uncertainty involved in its 
conversion to the corresponding SI unit. 

To facilitate the recording of data where the size of the 
SI unit is either inconveniently large or small, SI prefixes 
are used (table 3). For example, rather than 10° sec, 
1 kilosecond or 1 ks can be used. In such usage, only one 
prefix should be used for each base unit, supplementary 
unit, er unit with a special name. For example, 1 nano- 
second (1 ns) should be used but not 1 millimicrosecond. 

While some portions of the metric system Fave been in 
use for many years in radiology, it is apparent that the 
introduction and adoption of the International System of 
Units will mean some modifications of current usage. 
The special units, curie, rad, rem, and roentgen, that 
have been used in radiology for a number of years are 
not included in the International System of Units because 
they are not coherent with that system. In the Interna- 
tional System of Units curie will be replaced by becquerel 
(1 curie = 3.7 x 10'° becquerel), rad replaced by gray (1 
rad = 0.01 gray), and roentgen replaced by coulomb per 
kilogram (1 roentgen = 2.58 x 10°* coulombs per kilo- 
gram). 

So far, the General Conference of Weights and Mea- 
sures fias not considered a unit for dose equivalent to 
replace rem. The International Commission on Radiation 
Units and Measurements (ICRU) and the International 
Commission on Radiological Protection (ICRP) have rec- 


TABLE 2 
Sl-derived Units with Special Names anc Associated Quantities 


OO EE ss SS See 
SI Unit 


Physical Quantity Definition 
bg Ee ree 1/time 
ee ee T Mass x acceleration 
Pressure, stress .................. Force/area 


Force x distance 
Energy/time 


Energy, work, quantity of heat ..... 
Power, radiant flux................ 
Quantity of electricity, electric 
NE i is tia eae caands 
Electric potertial, potential differ- 
ence, electromotive force 


Electric current x time 


rent 

Capacitanve .—.................2.. Electric charge/electric po- 
tential 

Electric resistance ................ Electric potential/electric 
Current 


Electric conductance 1/electric resistance 


MPMOMORC BUK o owe. ckcseecces Electric potential x time 
Magnetic flux density ............. Magnetic flux/area 
er ee Magnetic flux/electric cur- 


rent 
Celsius temperature............... 


ture —273.15 
Luminous flue .................... Luminous intensity x solid 
angle 
ee ee eee Luminous flux/area 
Activity (of a radionuclide) ......... 1/time 


Absorbed dose _ specific energy im- 
parted, kerma, absorbed dose in- 


ON a eee . EG 


* Using symbo!(s) for special names. 


Energy imparted/mass 


Electric power/electric cur- 


Thermodynamic tempera- 





SI Zase and Supple- Equivalent’ Form(s) Special Name and 





mentary Units of SI Unit Symbol 
s! Sei hertz, Hz 
m-kg s ? Jem’ newton, N 
m-*-kg-s~? N-m-?, J-m-$ pascal, Pa 
m?-kg-s 2 N-m joule, J 
m?-ko-s 3 J-s™' watt, W 
S'A i coulomb, C 
m?-kg-s~3-A-' W-A-', JC! volt, V 
m-2-kg '-s*- A? A-s:V-', C-V-* farad. F 
mê-kg-s~?-A-? VA ohm, 
m~-*-kg™ '-s3-A? GM Ay siemens, S 
m?-kg-s ?-A~' V's weber, Wb 
kgs SA" V-s‘m-?, Wb-m-? tesla, T 
m?-kg-s ?-A-2 V-s‘A-', Wb-A7! henry, H 
K K = °C + 273.15 degree Celsius, 
cd-sr lumen, Im 
m-?-cd-sr XD lux, Ix 
ie pay becquerel, Bq 
mê: s-? J-kg™! gray, Gy 
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TABLE 3 
SI Prefixes 
Factor Prefix and Symbol Factor Prefix and Symbol 

Wee oe cass exa, E L e EOE deci, d 
| gr a peta, P (ee ee centi, c 
VE hice a iad tera, T 10 cn Fees milli, m 
MP ia 6g 868 giga, G L a E micro, p 
eee ee mega, M We hada nano, n 
i ATTO kilo, k i a TIT pico, p 
iiaii hecto, h i aa causs femto, f 
| ana deka, da i atto, a 


ommended to the Conference that the special name for 
the SI unit for this quantity, joule per kilogram, be the 
sievert (symbol, Sv). There has not yet been time for the 
Conference to act on this recommendation, but the ICRP 
has used the sievert in their most recent publication [4] 
and plans to use it in subsequent publications. 

Most countries have already made, or are in the proc- 
ess of making, the International System of Units the legal 
unit in their jurisdictions. Most are giving serious consid- 
eration to the abandonment of other units. Estimates on 
the time scale for this action vary, but most of the 
transition will probably occur in the next 5-10 years. To 
provide time for educational efforts and replacement of 
current equipment, the ICRU has suggested a conversion 
by about 1985. In the meantime, it would be worthwhile 
to consider the purchase of new equipment with both 
the old and the new units indicated on the dial. This is in 
line with the recommendation of the World Health Orga- 
nization [5]. Both the ICRU and World Health Organiza- 


tion have suggested that records be kept in terms of the 
new unit, with the old in parentheses, and that the old be 
dropped after a few years. 

To facilitate the transition to the new units in the 
United States, it will be necessary for responsible bodies 
to mount educational programs. It would be hoped that 
such programs could be initiated expeditiously so that 
the United States will not lag behind the conversion in 
other countries. 

Harold O. Wyckoff 

International Commission on Radiation Units 
and Measurements 

Washington, D.C. 20014 
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A Dual Photon Absorptiometry System Utilizing a HpGe Detector and 
Microprocessor Controller: Ellis KJ, Vartsky D, Pearlstein TB, 


Alberi JL, Cohn SH (Brookhaven National Laboratory, Upton, NY 11973) 


The analysis of bone mineral content (BMC) using a single- 
energy photon beam assumes that there are only two materials 
present, bone mineral and a uniform soft-tissue component. Errors 
in bone mineral content caused by adipose tissue in the transmit- 
ted beam are reduced by the dual energy technique. Also, 
extension to additional energies further identify the separate 
constituents of the soft-tissue component. We have designed and 
developed a multi-energy bone scanning apparatus with data acquisi- 
tion and analysis capability sufficient to perform multi-energy 
analysis of bone mineral content. The present work reports on the 
development of the device operated in the dual energy mode. 

The high purity germanium (HpGe) detector is an integral 
component of the scanner. Errors in BMC due to multiple small 
angle scatters are reduced due to the excellent energy resolution 
of the detector (530 eV at 60 keV). Also, the need to filter the 
source or additional collimation on the detector are eliminated. 

A new dual source-holder was designed using 200mCi 1257 and 
100mCi “*+Am. The active volumes of the source capsules are 
aligned on a common axis. The congruence of the two sources was 
verified by measuring the collimator response function. This new 
holder design insures that the same tissue mass simultaneously 
attenuates both sources. 

The controller portion of the microprocessor allows for vari- 
ation in total scan length, step size, and counting time per step. 
These options allow for multiple measurements without changes in 
the detector, source, or collimator. The system has been success- 
fully used to determine the BMC content of different bones (rat 
femur, human metacarpal, radius, and ulna). 


(Supported by the United States Department of Energy under 
Contract No. EY-76-C-02-0016.) 


Numerical Filtering Method for Elimination of Errors Caused by 
Finite Photon Beam Size: Vartsky D, Ellis KJ, Cohn SH 


(Brookhaven National Laboratory, Upton, NY 11973) 


In linear bone mass measurement by photon attenuation an 
assumption is made that the photon beam dimensions are infinitely 
small. In practice the beam has a finite width, usually with 
non-uniform distribution of photon intensity along its width. 

This beam is used to view a non-uniform bone or interfaces of 

bone and tissue. The observed photon transmission used in the 
calculations is assumed to correspond to that of the central ray; 
however, it corresponds to the sum of the beam components weighed 
by non-uniform attenuation factors varying across the beam profile. 
This effect causes significant errors in determination of bone 
dimensions and linear bone mass. 

The present work describes a method of removing the effect of 
the finite beam size by deconvoluting the collimated beam profile 
from the observed transmission curve. The technique uses discrete 
Fourier transforms for the derivation of the restoring filter. 

Due to the experimental errors or the noise in the observed 
transmission curve, a constrained least-squares filter, rather 
than direct inverse filtering is applied. 

In measurements performed on a circular bone phantom the 
restoration of the transmitted curve results in reduction of the 
errors from 13% to 0.8% in the external bone diameter, from 7% to 
1% in the internal bone diameter and from 6% to 0.5% in the 
linear bone mass. 


(Research carried out under the auspices of the United States 
Department of Energy under Contract No. EY-76-C-02-0016.) 


Measurements of Bone Mineral Content In Vivo Using a Multiwire 
Chamber as Detector: Horsman A (The General Infirmary, Leeds 
England LSI 3EX) 


A multiwire chamber has been used as the detector of 42-keV 
radiation from 152Gd in a system for the measurement of bone 
mineral content. Two-dimensional images of the site under investi- 
gation are computed from the transmission data and displayed on a 
TV monitor. A rectangular frame is then positioned on the image 
to define the area within which bone mineral content is to be 
evaluated. Calibration experiments were performed in vitro using 
a rotating-focused collimator between the object and chamber, 
and preliminary data were obtained from exposures of the hand and 
forearm in vivo. 


Photon Absorption Profiles and the Influence of Fat on Bone 
Mineral Content: Lindergard B, Naversten Y (University Hospital, 
Lund, Sweden) 


The bone mineral content (BMC) was measured by photon absorp- 
tiometry using 241 am (45 mCi). Measurements were performed on 
the midshafts of both forearms. The baseline level for measure- 
ments was the beam intensity through a waterfilled rubber-cuff 
applied around the arm. An absorption profile was plotted by a 
computer for each measurement. 

Normally the radius gives a double-contoured absorption 
curve caused by the tube-like structure. In normals this dip in 
the absorption profile corresponding to the medullary canal, was 
17 + 5% of the maximum absorption. This medullary dip was not 
significantly influenced by sex and age. In renal patients on 
regular dialysis varying profiles were found. Four patients with 
the most pronounced medullary excavation also had signs of osteo- 
porosis and endosteal resorption. Two patients without medullary 
excavation had signs of secondary hyperparathyroidism together 
with low BMC. Thus photon absorption profiles gave some clue to 
the character of the underlying bone disease. 

Among normals fatter people showed a hump adjacent to the 
bone in the photon-absorption profile signifying less attenuation 
than for lean-tissue and water. BMC decreased with increasing 
size of this "fat hump" and also with increasing values for skin- 
fold thickness and body mass index (BMI). Also BMC decreased with 
decreasing absorption between the two bones in the forearm. 
Strong intercorrelation were found between the size of the "fat 
hump", the skinfold thickness, the BMI and negative values for 
the photon absorption between the bones. The measured BMC must 
be corrected for at least one of these fat parameters. 


An Annotated Bibliography of Modern Methods of Bone and Tissue 


Measurements Using Radiation Absorption and Scattering: Preuss LE, 
Bolin FP (Edsel B. Ford Institute for Medical Research, Detroit, 
MI 48202) 


A bibliography has been assembled consisting of published 
reports, organized by subject, cr$ss-referenced, with a 
chronological orientation, and carrying a first author index. 
Author address is also provided. American Institute of Physics 
reference format is used. The bibliography pertains to innovative 
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methods using penetrating radiation for bone and tissue analysis. 
This bibliography provides concise annotation on recent work on 
radiation absorptiometry and scattering methods, but more exten- 
sive topical coverage is planned. This selected listing is 
designed as an organized introduction to those entering the field 
and may alse prove of use to the veteran investigator. 


Report on the Second (1976) and Third (1978) German Symposia on 
Bone Mineral Measurement: Gebhardt M (Universität Bonn, 5300 
Bonn, Germany) 


The aim of the second and third symposia was to discuss the 
results of measurements on test- and reference- systems. This 
program had been set up during the first symposium on bone mineral 
measurement in Erlangen, in 1972. Four reference step-wedges were 
used consisting of hydroxylapatite (HA) and epoxy resin. These 
phantoms served for 46 different scan- and 80 point- measurements. 
Different teams found different values for the apparent density of 
hydroxylapatite, varying from 3 to 3.2 g/cm“, compared to the 
expected value of 3.15 g/cm>, The linear absorption coefficients 
of HA and epoxy resin varied up to 16% because Sn-filters of 
different thickness were used with the 125-I radiation source. 

The mass absorption coefficient of HA was proposed to be 2.6 cm“/g 
for 125-I and 0.41 cm?/g for 241-Am. In contrast the mass absorp- 
tion coefficient for epoxy resin could not be easily determined. 

The results on HA-volume values were presented by 6 teams. 
The values obtained by the teams of Rassow and Gebhardt diverged 
up to a maximum of 3.5% whereas the group of Schuster had values 
that showed a systematically higher content of apatite. A com- 
parison of scan measurements showed that both the HA-length and 
plane value neasured by the three groups (Logan, Schuster, and 
Gebhardt) agreed within small limits. 

With regard to bone phantoms, a circular cross-section is 
advantageous for point measurements, whereas a linear section 
serves better for scan measurements. Scan measurements showed an 
intensity difference between epoxy resin and paraffin-filled bone. 
This effect eecurred especially when using non-filled bone 
enclosed in resin. 


Some Relatioms Between Photon-Absorptiometric and Histomorpho- 


metric Measurements of Bone Mass in the Forearm: Melsen F, 
Nielsen HE, Christensen P, Mosekilde L (Univ. Institute of Path- 
ology, Arhus Amtssygehus, DK-8000 Arhus C, Denmark) 


The determination of bone mineral content (BMC) by photon- 
absorptiometry is most often carried out on the distal end of the 
forearm at a standard site which contains both cortical and tra- 
becular bone. Since trabecular bone reacts differently from cor- 
tical bone ir many states and diseases it is of importance to 
know the normal proportion of certical to trabecular bone mass at 
various levels of the forearm and to elucidate the representivity 
of the BMC measurements for the two different bone structures. 

Forty forearms, obtained at autopsy, were included in the 
investigaticn. BMC was determined at the standard site and at a 
level proximal and a level distal to that. Subsequently, histo- 
logical sections of the radius and ulna were produced from all 
three levels and the following parameters were determined histo- 
morphometrically: the total cross-sectional bone area; the total 
amount of cortical bone, and the total amount of trabecular bone. 
The investigation demonstrated a highly significant relation be- 
tween the total amount of bone and BMC at all three levels. At 
the standard site and at the level above the relation was dom- 
nated by the amount of cortical bone. Trabecular bone was the 
dominating structure at the distal level. 


Clinical Applicability of the Bone Mineral Content Measured b 


Monoenergetic Photon Absorptiometry: Cohn SH, Aloia JF, Zanzi I, 


Vartsky D, Ellis KJ (Brookhaven National Lab., Upton, NY 11973) 


Bone mineral content (BMC) measurements have been employed in 
two types of studies. In the first type, serial measurements on an 
individual are used to monitor bone changes. In the second type, 
BMC of an individual is determined and compared to a "standard" 
value. Generally, the standards are derived from "normal" popula- 
tions grouped by age and sex (mean value denoted BMCy). However, 
the parameter of skeletal size has generally not been used. 

In our study, the clinical usefulness of relative BMC 
obtained with the parameters of sex, age and body size is evaluat- 
ed. The "normal" value (BMCy) is obtained by an algorithm 
utilizing values of sex and age, and also height and lean-body 
mass (as derived from 49K measurement). The latter two variables 
characterize skeletal size and body habitus, respectively. 

For the study, 119 white women were selected from a larger 
population. On the basis of phgsical and roentgenological examina- 
tion, individuals with evidence cf metabolic calcium disorders or 
osteoporosis were excluded. Additionally, these women were judged 
(on the basis of total body neutron activation analysis) to have 
calcium levels in the normal range. 


Tae variance of BMC values of these individuals, when expressed 
in tems of BMCy, was significantly less than when expressed in 
terms c? BMCy (p=0.95-0.99 as determined by "F" statistic in 
analysis ef variance). Erroneous conclusions on bone deficit or 
excess can be drawn for individuals whose height and body-size 
differ markedly from the average, as their BMC values often exceed 
the variation in the age-sex groupings. 


The Relationship Between Bone Mineral Mass and Body Size: Based 
on Climical and Rat Data: Harrison JE, McNeill KG, Hitchman AJW 
(University of Toronto, Toronto, Canada) 


Measurements of peripheral bone mass (by x-ray cr gamma-ray 
absorptiometry) have shown variations in bone mineral mass (BMC) 
and mineral "density" (mass per outer-volume of bone) which are 
dependent on age, sex, and race. Our present data show that these 
variations are due in large part to variations in body size. 

Measurements were done on the total femur of 250 rats varying 
from 50 to 350 gms in body weight and 50 to 170 days of age. The 
measurements included femur length, outer-volume (by displacement) 
and total Ca and P from HCl extractions. The total bone mineral 
was proportional to the (length)4 and to (volume). 

It may be argued that this increased density (mineral/outer- 
volume) wth age is a feature of bone maturation but clinical data 
in adult humans shows a similar relationship. In humans the cal- 
cium is measured by IVNAA in a 60-cm length of a subject covering 
the trumk and upper thighs. The *7’Ca counts obtained from measure- 
ments om 42 volunteers (20-50 years of age) was proportional to 
(length)? where length is the mean of the height and the arm span. 
Our IVNAA measures a constant length so that total body calcium 
would be expected to go with (length)4 as observed in rat data. 

The spread of data around the regression line of this function 
was +25% (2 sd). When the 49ca counts were normalized for body 
size using the cubic relation there was no significant difference 
between men and women. Furthermore, data on 21 normal children 
(5-19 years of age) fall within the normal limits of this function 
although on average they are 15% below the mean adult value. In 
this small population, there was no evidence of bone loss between 
20 and 50 years of age. Older subjects (50-70 years) had less 
mineral mass than younger adults. The data was consistent with a 
bone loss ef 0.5%/year after age 50. This may be compared to the 
average bone mass value in 74 osteoporotics which was 30% below 
the meam value for adults <50 years. 

These results emphasize the importance of adequate normal- 
ization ‘er body size for reliable interpretation of bone mass 
data. 


Evaluation of Bone Mineral Content Data Using Isowidth and Per- 
centile Gurves: Dequeker J, Wielandts L, Nijs J (Academic 
Hospital, Univ. of Leuven, B 3000 Leuven, Belgium) 


The influence of bone width on bone mineral content (BMC) is 
not constant and differs with sex and age. Therefore the bone 
mineral ratio (BMC/width) does not always compensate for size 
differences between individuals or populations. In order to 
study in more detail the influence of skeletal size on BMC fourth- 
degree percentile and isowidth curves on BMC and age have been 
computed, using our own data from Belgium and data fron Dr. Ringe 
and Kuhlemcordt in Germany. These isowidth curves are very much 
separated from each other in the younger age group, but come 
together im the older age group. This suggested that people with 
larger banes lose more bone than those with smaller bones. 
However, these curves are based on cross-sectional data and 
secular factors may be involved. 

The 2ffect of skeletal size on the percentile curves also 
was not constant, and again was most pronounced in the younger 
age-group. The larger the skeletal size, the higher the per- 
centile value. The percentile curves, in contrast to the iso- 
width curves, did not come closer in the older age groups and 
were not influenced by the skeletal size thus indicating a 
heteroger=ity in bone loss within the population. 

Using the isowidth and percentile curves one now can deter- 
mine for a given individual at any age the expected BMC value 
corresponding to given skeletal size percentile at adult age. 
Knowing tme bone width the corresponding BMC percentile for this 
width at adult age can be determined. The "normative" BMC value 
for a given age is found by extrapolating to the width percentile 
at that age. 


Ballet-Dancimg and Weight-Lifting - Effects on BMC: Nilsson BE, 
Andersson SM, Havdrup T, Westlin NE (Malmo General Hospital, S-214 
01 Malmo, Sweden) 


Twenty-four weight-lifters, all men, and 21 professional 
ballet-damcers (8 men and 13 women) were included in the study. 
In the fommer group the bone mineral content (BMC) was measured 
by gamma absorptiometry in the proximal ends of the tibia and 
fibula immediately below the joint surface, in the shafts of the 
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radius and the ulna, and in the distal ends of the radius and the 
ulna, again close to the joint surface. In ballet-dancers only 
the tibia-fibula measurement was included. Also, the widths of 
the measured bones were estimated by absorptiometry. The weight- 
lifters and the dancers were compared with age-matched healthy 
controls. 





Proximal Proximal Distal 
tibia-fibula radius-ulna radius-ulna 
Width BMC Width BMC Width BMC 


Weight-lifters (men) +5%% +28%% +5% +19%% -1% +382%% 
Dancers (men) +11%* +23%% 
Dancers (women) +15%* +287%% 
*Significant 

The BMC was increased in all measuring sites in both dancers 
and weight-lifters and by approximately the same order of magni- 
tude. An increase in width of the bones was found, predominantly 
in the dancers although they were shorter and weighed less than 
the controls. This may indicate that physical activity started 
early in life, before the cessation of growth, results not only 
in an higher than average BMC but also in increased dimensions 
of the bones of the lower limb. 


Adaptation of Direct Photon Absorptiometry to Measurement of Bone 
Mineral Content in Small Infants: Steichen JJ, Edwards N, Tsang 


RC (Univ. of Cincinnati Medical Center, Cincinnati, OH 45267) 


Photon absorption has been widely used for bone mineral 
analysis in vivo in adults. This paper describes circuit modi- 
fications for the Norland-Cameron Bone Mineral Analyzer (BMA) 
and operation techniques to provide for measuring infants who have 
low bone mineral content (BMC) previously unmeasurable with the 
standard BMA. A major problem with the standard BMA is the 
inability of the instrument to detect the edge of a small bone: 
thus the scanner could not be tripped into "measure mode" to 
initiate and terminate the measurement scan. Modification of 
the bone edge-detector sensitivity from 25% to 15% sensitivity 
(change in counts from baseline, on encountering bone) still did 
not provide reliable measurement or bone edge-detection. Use of 
an integrating chart recorder (Gould Model) eliminated the neces- 
sity for automatic bone edge-detection. The bone width and the 
BMC were obtained from the chart recording by using a regression 
equation based on the values obtained from standards. 


Postnatal Bone Mineralization in Term and Preterm Infants Under 
Routine and Increased Dietary Ca Intake: Steichen JJ, Gratton TL, 
Russell J, Minton SD, Tsang RC (University of Cincinnati Medical 
Center, Cincinnati, OH 45267) 


Delayed bone mineralization has been reported in low birth- 
weight infants fed currently available standard proprietary formu- 
las (Minton, Steichen, Pediatric Research 11:447, 1977). The 
effect of Ca supplementation of premature infants on bone mineral 
content (BMC) has not previously been measured. Postnatal BMC 
was measured by direct photon absorptiometry in the right radius 
and ulna at the 1/3 and 1/10 distal site in 39 preterm appropriate 
for gestational age (AGA) infants divided into two groups. Group 
A (n=30) 28-36 wks. gestational age were fed Similac 20 cal/oz. 
Group B (n=9) 28-36 wks. gestational age were fed a modified 
formula Similac 20 cal/oz. containing 126 mg. of Ca and 63 mg. of 
P/dl. 

Ionized Ca (iCa) total Ca, Mg, P, 25-hydroxy vitamin-D, and 
parathyroid hormone were measured every 2-4 wks. for 12 wks. BMC 
correlated significantly with birth weight (r=.821, p<.001) and 
gestational age (r=.829, p<.001) in all preterm infants. The 
regression line of BMC at birth vs. gestational age in these in- 
fants was considered to represent the intrauterine bone minerali- 
zation curve (IUBMC). Postnatal bone mineralization in Group A 
infants was poor. The regression line for BMC vs. postnatal age 
in A infants was significantly below the IUBMC (F=12.5, p<.001). 
Infants of Group B showed a significant postnatal increase in BMC 
(r=.622, p<.05). The BMC vs. postnatal age regression curve in 
these infants did not differ from the IUBMC (p<.05). By 37-38 
wks. postconceptual age, BMC was .072 gm/cm +002 SEM, equal to 
the BMC at birth of infants born at 37-38 wks. 

In Group A infants, Ca intake averaged less than 100 mg/kg/ 
day for the first two wks. of life, less than 120 mg/kg/day for 
the first six wks. of life and was 140 mg/kg/day by 12 wks. of 
life. In Group B infants, daily Ca intake averaged 157 mg/kg in 
the first week and increased to an average of 250 mg/kg/day dur- 
ing the second and subsequent weeks. Serum total Ca levels were 
9.843 mg/dl; iCa levels were 4.4+.1 mg/dl. No clinical or bio- 
chemical complications due to increased Ca intake were observed in 
Group B infants. In conclusion: (1) in premature infants on 
routine 20 cal/oz. proprietary formulas, extrauterine postnatal 
bone mineralization lags significantly behind intrauterine bone 
mineralization and (2) in premature infants fed formulas with 


increased Ca and P content, postnatal bone mineralization rates 
might equal intrauterine bone mineralization. 


Bone Mineral Mass in Elderly Vegetarian Females: Sanchez TV, 
Mickelsen 0, Marsh AG, Garn SM, Mayor GH (Michigan State Univ., 


East Lansing, MI 48824; Andrews Univ., Berrien Springs, MI, 
Univ. of Michigan, Ann Arbor, MI 48104) 


Various studies suggest that omnivores have less bone than 
long-term vegetarians in their later years. The effect of the 
omnivores diet on bone could be attributed to its high acid ash 
content. This hypothesis is indirectly supported by findings of 
low bone mineral content in elderly female Eskimos whose diet 
consists primarily of meat. This study compares bone mineral mass 
in vegetarian and omnivore populations from Michigan to further 
assess the effect of diet on bone mineral mass. 

Bone mineral ratio, BMC/BW (gm/cm2), was determined in 48 
right-handed, normal (non-hospitalized), female vegetarians and 
48 right-handed, normal female omnivores from Michigan. Subjects 
were between 50 and 87 years old. The vegetarians were Seventh 
Day Adventists who had been on lacto-ovo-vegetarian diets for at 
least 20 years. Bone mineral content (gm/cm) and bone width (cm) 
were measured by direct photon absorptiometry (using the 125-I 
Norland-Cameron Bone Mineral Analyzer). The left radius of all 
subjects was scanned four times at a site one-third the distance 
from the ulnar styloid to the olecrenon. Vegetarians and omnivores 
were carefully matched for age, weight and height. 


VEGETARIANS OMNIVORES 

AGE N BMC/BW N BMC/BW pe 
50-59 16 0.700 16 0.705 ns 
60-69 19 0.623 19 0.559 <0.01 
70-79 9 0.606 9 0.498 <0.05 
80-87 4 0.580 4 0.456 <0.05 


* Significance determined by paired t-test 

These data indicate no statistical difference in BMC/BW 
between vegetarians and omnivores 50-59 years old. However, 
between 60-87 years the omnivores show the expected losses in bone 
while the vegetarians show smaller losses and have significantly 
greater values. The elderly long-term vegetarians seem to lose 
bone less rapidly than their omnivore peers. This reduced rate 
of loss could, in part, be explained by the low acid ash diet. 


Bone Mineral Mass in Blacks: Mayor GH, Sanchez TV, Garn SM 
(Michigan State Univ., East Lansing, MI 48824; Univ. of Michizan, 
Ann Arbor, MI 48104) 


Considerable evidence indicates that American Blacks have a 
larger skeletal mass than Whites of comparable age and sex. This 
difference is seen in normal individuals by both gravimetric 
techniques and radiogrammetry,and in osteodystrophies using direct 
photon absorptiometry. Although direct photon absorptiometry is 
used extensively to quantitate bone mineral loss in a variety of 
clinical circumstances, normative data for Blacks is not gener- 
ally available. This study was initiated to: 1) provide norma- 
tive data for bone mineral mass in Black subjects, 2) quantitate 
the Black-White difference for bone mineral mass in normal indi- 
viduals, 3) determine if the Black-White differences are dependent 
on differences in height and weight. 2 

Bone mineral ratio, BMC/BW (gm/cm“), was determined in 400 
normal (non-hospitalized) Black individuals and 400 normal White 
individuals from Michigan. Bone mineral content (gm/cm) and bone 
width (cm) were measured in vivo by direct photon absorptiometry 
(125-1) using the Norland-Cameron Bone Mineral Analyzer. The 
left radius of all subjects was scanned 4 times at a site one- 
third the distance between the ulnar styloid to the olecrenon. 

Whites from Michigan, both male and female, have less bone 
mineral than those from Wisconsin. Blacks from Michigan have 
greater bone mineral values than Whites from either Michigan or 
Wisconsin. 

To quantitate the racial difference between Black and White 
normal individuals, 55 male and 75 female pairs were carefully 
matched for age. Both Black males and females demonstrated a 
greater bone mineral ratio than their White peers. These differ- 
ences are 7.7% and 9.2%, respectively. Multiple-matching of 50 
male and 50 female pairs for age, weight and height reveals dif- 
ferences of 5.1% and 6.3%, respectively, indicating some part of 
these differences may be related to differences in weight and 
height. All comparisons utilized the Student's paired t-test. 

Race-specific norms for direct photon absorptiometry would 
be desirable; we have begun to Scie these. In the absence of 
race-specific norms for Blacks our data suggest that the Wiscon- 
sin norms may be applied to the Black individual after adjusting 
by a factor of 1.08 and 1.09 for males and females, respectively. 
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Exponential Bone Loss in Postmenopausal Women: Khairi MRA, 
Johnston CC (Indiana Univ. Scheol of Medicine, Indianapolis, IN 


46202) 


Seventy Caucasian females aged 50-65 years were followed 

prgepectiveiy with measurement of bone mineral content (BMC) using 

I absorptiometry in the radius every 3 months. The mean period 
of follow-up was 5 years. Rates of bone loss were computed accord- 
ing to methods previously described. The subjects were sorted in 
ascending order according to their rates of bone loss at the 
midshaft radius. Twenty subjects with the slowest rates of bone 
loss ("slow losers") and twenty subjects with most rapid rates of 
bone loss "rapid losers") were selected at the two ends of the 
spectrum. The following table shows a comparison of the two 


groups. 
' 


'Rapid Losers" "Slow Losers" 


(Mean + S.D.) (Mean + S.D.) 
Age 61.0 + 3.6 60.30 + 5.6 
# of Years Since Menopause 10:4 46:5 2.7 25.2 
Distal BMC (Initial) ,68 2.35 762 .L6T 
Midshaft BMC (Initial) Or Sado 78+ .13t 
Distal Rate of Loss (g/cm/year) 024+ .01 .009 + .009t+ 
Midshaft Rete of Loss .024 + .006 .004 + .005tt 

+ P=<.01 tt P= < .001 


These data show that the rate of bone loss measured in a 
prospective study is related to the initial BMC. These findings 
and those previously reported (J. Clin. Invest. 58:716, 1976) sug- 
gest that loss of bone with age follows an exponential rather than 
a linear fumction as has been assumed by most investigators. 
Whether the difference in "rapid" and "slow" losers is related to 
the exponertial rate of loss or other physiological factors 
remains to be investigated. 


Serial Measurements of the Changes in Bone Mineral Density During 
Growth: Atkinson PJ, Buckler JMH, Burkinshaw L, Brodie DA 


(PJA, JMHB, LB University of Leeds; DAB, Carnegie School Leeds 
Polytechnic, Leeds, England) 


The growth spurt in adolescence is a well-known phenomenon. 
All tissues are involved but not necessarily to the same degree. 
Some parts of the skeleton, e.g. the facial bones and the axial 
skeleton, do not show the rapid increases in size that are seen in 
the long bones. Increase in length of the lower limb is a domi- 
nant factor in growth in height. Children, however, vary a great 
deal in both the age of onset and the rate of development of 
skeletal growth during adolescence. 

We are studying the physical status and skeletal maturity of 
38 male children over a period of 5 years. The children, all from 
the same school, had an initial mean age of 11.36 (10.76-12.0) 
years. Measurements of bone mimeral in the femur were made using 
photon absorptiometry and skeletal maturity was assessed from 
wrist radiographs. Both measurements were compared with changes 
in leg length (stature - sitting height). The bone mineral was 
divided by the bone width (BMC/BW) to estimate "density." 
Increases in limb length were usually associated with increases in 
BMC/BW; however, this association was not always found. The chil- 
dren with relatively longer lower-limbs tended to show a smaller 
increase in BMC/BW and vice versa. 

Most children maintained a similar skeletal age relative to 
the sample mean throughout the period of study. The three chil- 
dren who changed skeletal status within the group increased in 
limb length but showed a fall in BMC/BW. Of 6 others who showed a 
fall in BMC/3W, 4 were relatively tall for their age and the other 
two had pathological conditions which would be expected to affect 
bone growth. 

These preliminary findings suggested that the acquisition of 
bone mineral mass is limited in the event of above average increas- 
ses in height. The discrepancy between the changes seen in the 
two pathologieal states suggests a means of detecting growth 
anomalies at an early stage. 


Bone-Mass and Soft-Tissue Measurements in Acromegaly: Dequeker J, 
Geussens P, De Proft G, Nijs J (Academic Hospital, University of 


Leuven, B 3000 Leuven, Belgium) 


Although acromegaly is often listed among the postulated 
causes of osteoporosis, we found in 1978 a larger bone mass in 
acromegaly than expected, with a marked increase in periosteal 
bone apposition, a decrease in endosteal bone resorption and even 
in some cases, bone apposition at the endosteal surface. Since 
then we confirmed by photon absorptiometry (125-1) that the bone 
mineral content is markedly increased in acromegaly. 

With radiogrammetry of hand x-rays much more information can 
be obtained in acromegalics wy measuring the soft-tissue thickness 
at the second finger. Soft-tissue thickness has been measured in 
400 controls and in 25 acromegalics. There was a marked sex and 
age influenze on the soft-tissue measurements. The width of the 
proximal phalanx and total finger width increased with age in both 


sexes. The soft-tissue thickness, total finger width minus pha- 
lanx wieth, also increased slightly with age. The soft-tissue 
index (the ratio of the width of the phalanx to the total finger 
width) was not influenced by age. The best measurement to separate 
acromegalics from controls was the total finger width. With the 
other measurements, soft-tissue index included, there was some 
overlap with values obtained in normal individuals. 


Photon absorptiometry in the Investigation and Treatment of 
Metabol_c Bone Disease: Recker RR (Creighton University School of 


Medicine, Omaha, NB 68131) 


Pheton absorptiometry has been used in this labcratory for 
serial .one-mineral measurements in postmenopausal women in long 
term studies. In early studies the mineral content cf a point 
site on the distal radius was determined. In a series of 20 
untreat-d postmenopausal women measured at 6-month intervals over 
2 years bone loss was 2.18% per year. This correlated with meta- 
carpal ortical thickness measurements with r = .61. The method 
was changed to scanning three contiguous paths of .5 cm each 
across oth the radius and ulna and integrating the density of the 
entire .5 cm length of both bones. In data from a group of 10 
normal volunteers from outside the laboratory each measured 10 
times, t was estimated that a rate of bone loss as little as 1% 
per yea’ would be detectable in a group as small as 20 measured at 
6 month intervals over 2 years. In a large group of 100 peri- 
mencpausal women, correlations between photon absorptiometry and 
radiogrammetry of the metacarpals, the proximal radius and the 
proxima femur were obtained. From these studies we have made the 
followimg conclusions: 1) photon absorptiometry of the distal 
forearm correlates with other measures of bone density at other 
sites; 1) the method is very useful in accurately determining time 
dependent rates of bone loss; 3) bone width measurements do not 
add usetul information in longitudinal studies; and 4) the problem 
of accusately repositioning the forearm for long-term serial 
measurements ean be minimized but further refinement is needed. 


Decreasel Bone Mass in Lithium-Treated Manic Depressive Patients: 
Christiansen C, Baastrup P, Transbol I (Glostrup Hospital, DK-2600 


Glostrup, Denmark) 


The bone mineral content (BMC) in both forearms (highly corre 
lated tc total body calcium) was measured by photon absorptiometry 
in 96 manic depressive patients on long-term lithium therapy. In 
additiern, the serum levels of parathyroid hormone (PTH), calcium 
and magr=sium were determined. 


Lithium-treated Patients Controls 
Variaple Mean S.E.M. Mean S.E.M. 
B.M.C. % 93% 1.6 100 Leow 
P.T.H. (ug/1) 0.30* 0.01 0.22 0.01 
Calcium (mg/1) 100.7* 0.4 98.9 0.2 
Magnesium(mg/1) 22.4* 0.2 20.3 0.1 
*p< 0.001 


This group had highly significant bone loss (p< 0.001). 
Furthemmmre, the serum levels of PTH, calcium, and magnesium were 
raised (»<0.001). Sixteen patients had a BMC below normal 
(>2 SD); 14, 12, and 30 patients respectively had serum PTH, serum 
calcium, and serum magnesium above normal (>2 SD). 

Subsequently, the same parameters were measured in 13 manic 
depressive patients before and during treatment with lithium. 
Initially all four parameters were normal. During the treatment 
BMC decr=ased and the serum levels of PTH, calcium anc magnesium 
increased. 

The results indicated that manic depressive patients on long- 
term litmium therapy have a primary hyperparathyroidism. Further- 
more, the study elucidated two important points regarding the 
distrubed mineral metabloism in lithium treated patierts: lithium 
--not the underlying disease--was the true cause, and the mineral 
metabolism disturbances developed quite early after institution of 
lithium _herapy. 


Bone Mineral Content Measurements in Paget's Disease Patients: 
Caniggia A, Gennari C, Nuti R (University of Siena, Siena Italy) 


Tweaty patients with Paget's disease, age 48-77 (10 males, 10 
females) were studied with a Gambro Bone Mineral detector (241Am 
source) using photon absorptiometry. 

Bone mineral content (BMC) was measured immediately proximal 
to the wrist. Trabecular bone turns over at a more rapid rate and 
is more ~ulnerable to metabolic derangement. Individuals were 
matched or age and severity of disease: fourteen cases demonstrat- 
ed a pol_ostotic involvement of the skeleton; in no case were the 
radius and ulna involved. 

Ten out of 10 women showed a diminution of BMC (0.41-0.57 
gr/cm2) without statistically significant correlation with age and 
irrespec ively of the poliostotic or monoostotic involvement of 
the skel»ton, 3 out of 10 men showed a diminution of BMC (0.40- 
0.51 gr/em*), all presented a poliostotic Paget's disease. 
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No statistically significant correlation existed between BMC 
and plasma alkaline phosphatase or between BMC and urinary 
hydroxyproline. 

Ten cases were treated with human calcitonin (50 MRC units 
thrice weekly) and BMC measured before and during treatment: 
surprising increases of BMC were demonstrated in 7 cases. 


Increase of Bone Mineral Content after Surgical Treatment of 
Primary Hyperparathyroidism: Ringe JD, Kruse HP, Kuhlencordt F 


(I. Medizinische Univ.-Klinik, 2 Hamburg 20, Germany) 


Bone mineral content (BMC) of the radius was measured by 1251 
photon absorptiometry in 28 cases of operatively-proved primary 
hyperparathyroidism. The measurements were performed pre- and 
postoperatively in different intervals. The mean age of the 22 
women and 6 men was 52.8 years before operation and 54.5 years at 
the last BMC-measurement. The mean time of measurement was 19 
months. A statistically significant increase of BMC (t-test for 
paired cases: t = 2.6, p<0.01) of 2.6% on the average could be 
measured. Furthermore there was a statistically significant, 
positive correlation between the change of BMC and the duration 
after surgery. A negative correlation could be established 
between the preoperative value of BMC and the amount of post- 
operative bone mineral increase. The dependence of the postopera- 
tive change of the BMC upon the age at the time of operation could 
not be established. 


(Supported by the Deutsche Forschungsgemeinschaft, SFB 34 
"Endokrinologie") 


Proximal and Distal Radial Bone Mineral Measurements in Primary 
and Secondary Hyperparathyroidism: Diagnostic Value and Response 
to Treatment: Parfitt AM, Rao DS, Kleerekoper M, Walczak N, 
Levin N (Henry Ford Hospital, Detroit, MI 48200) 


Bone mineral content (BMC) was measured by 125-I photon 
absorptiometry using an improved forearm positioning system. 
Values were obtained at a proximal site (1/3 of distance from 
radial styloid to olecranon) and a distal site (1.5 cm above ul- 
nar styloid). Three patient groups were done: (a) 101 patients, 
either with no bone disease or with various bone disorders ex- 
cluding known causes of secondary hyperparathyroidism (+PTH), 

(b) 73 patients with primary +PTH studied before parathyroid 
surgery and a partly different group of 45 patients studied after 
parathyroid surgery also, (c) 59 patients with chronic renal 
failure (CRF) and presumed secondary +PTH studied before or with- 
in 6 months of starting maintenance hemodialysis (MHD) and a 
partly different group of 54 patients with serial measurements 
during MHD. Individual deviations from values expected for age, 
sex and race were divided by the SD to obtain z-scores. In addi- 
tion, the proximal/distal ratio (P/D) was computed in each case, 
and the parameters of the regression between proximal and distal 
computed in each group. 

In the controls, there was no significant difference in the 
bone deficits at proximal and distal sites, and there was a 
highly significant correlation between the two sites. In primary 


Controls 1°Y HPT CRF 
Proximal z -1. 360 -1.463 -0.747 
Distal z -1.532 -1.888 -1.569 
P/D 1.416 1.452 1.519 
f . 844 . 860 0552 
Slope ¿720 -666 .992 
Intercept - .002 .021 .096 


*PTH there was a significantly greater deficit at the distal site 
than at the proximal, although P/D was not significantly differ- 
ent. After parathyroid surgery there was an increase of approxi- 
mately 1% in the proximal site (45 patients, 16.6 months) and the 
distal site (28 patients, 17.7 months) and a significant improve- 
ment in z-scores because of the expected loss during the period 

of follow-up. There was no significant difference between proxi- 


z-scores 

1” HPT 1 - 
Proximal -1.808 -1.590 
Distal -2.407 -2.234 
MHD (early) 

Proximal -1.175 -1.136 
Distal -2.153 -2.080 
MHD (late) 

Proximal -1.806 -1.752 


Distal -3.252 -3.124 


mal and distal sites in extent or frequency of improvement. In 
secondary +PTH there was an even greater difference between dis- 
tal and proximal deficits. P/D was significantly higher than in 
the other groups and the correlation between proximal and distal 
sites was significantly poorer. The patients on MHD were divided 
into an early group (32 cases; first measurement 8.1 months after 
starting MHD, second measurement 17.6 months later) and a late 
group (22 cases: first measurement 29.1 months after starting MHD, 
second measurement 16.9 months later). There was no significant 
difference at the proximal site or in its z-score in either group; 
there was a slight, but non-significant, improvement at the dis- 
tal site and its z-score. 

We conclude that: (a) Increasing severity of +PTH was asso- 
ciated with a progressively greater deficit at the distal measure- 
ment site compared to the proximal. This was demonstrated much 
more easily by the absolute deficits than by P/D; (b) Although 
BMC improves with respect to age in both proximal and distal bone 
mineral after parathyroidectomy, less than 10% of the deficit was 
replaced so that the reduction in BMC produced by primary +?TH 
was largely irreversible; (c) Substantial loss of proximal and 
especially distal bone mineral occurred during CRF before the 
institution of MHD. The magnitude of this deficit at the start 
of MHD has diminished over the last 3 years. No further reduc- 
tion occurred in either proximal or distal measurements during 
MHD, but in neither was there a significant improvement; (d) The 
poorer correlation between proximal and distal sites in CRF than 
in either the controls or in primary +PTH was consistent with a 
multifactorial etiology of bone loss in this disease. 


Clinical Experiences with the X-Ray Bone Scanner Developed in Bonn: 
Hermanutz KD, Gebhardt M, Mattern H (University of Bonn, Bonn, 


Germany) 


We use a single photon-absorptiometric technique, either 
scanning the finger in two perpendicular directions or, scanning 
the distal or proximal forearm. We use silver Ka radiation, fil- 
tered by palladium sheets with additional electronic elimination of 
the "white" spectrum. The scans were evaluated using a computer. 
In the finger the results are the apatite content (g/cm?) of the 
compact trabecular bone, oF for the radius and the ulna the bone 
mineral content (BMC, g/cm“) 

We have measured 500 persons with healthy bones to calculate 
normal ranges and approximately 250 patients suffering from bone 
diseases. In addition we did morphometric measurements of radio- 
graphs of the lumbar spine, the hand, and the proximal radius 
following Meema. The bone "density" of the lumbar spine was 
visually staged following Saville. Additionally we did measure- 
ments of the combined cortical thickness (CCT) in metacarpal II 
and of the minimal CCT in proximal radius. 

The healthy subjects showed the usual biological variation, 
as well as the dependence on age and sex. Because of the varia- 
tion of the individual values, the "early" diagnosis of 
demineralization was not possible by absorptiometry. Nevertheless, 
results by photon-absorptiometry, are better than than those by 
the conventional X-ray examination. The clinical advantages of 
absorptiometry are to be non-invasive and give us exact controls, 
because we can calculate changes of the apatite content > 5%. 
Simple morphometric measurements (min. CCT of the proximal radius) 
are of great clinical importance. In 69 women, who had hysterec- 
tomies and bilateral ovarectomies carried out before the menopause 
for non-malignant disease, the hormone-treated group (n=33) showed 
significantly (p<0.001) increased min. CCT values compared to a 
control group (n=36) without estrogen therapy. 


Bone Mineral Status in Childhood Renal Disease: Chesney RW, 


Mazess RB, Rose PG, Jax DK, DeLuca HF (Univ. of Wisconsin, 
Madison, WI 53706) 


Children with renal disorders are at risk for having a 
reduction in bone mineral content (BMC) since (a) they may have 
impaired calcium, phosphorus and vitamin D metabolism, (b) they 
use bone as a buffer for the acidosis associated with renal 
tubular bicarbonate wasting and (c) they have mineral require- 
ments for growth. We used single-photon absorptiometry (125-I) 
in 111 children with renal disease obtaining 305 measurements 
over a 3-year period. Since our patients are growing we express 
BMC in terms of percent deviation from the "normal" value pre- 
dicted taking into account height, weight, sex, age and bone size; 
significant osteopenia is taken as >2SD reduction from this 
multiple-regression estimate. 

Significant demineralization was found in 54 of the 111 totai 
patients (49%), and in 26 of the 70 patients (37%) with primary 
glomerular disease. Demineralization in this group was found in 
24/34 receiving prednisone and in 2/36 not receiving steroids. 
Eight of the 10 non-demineralized st@roid-treated patients had 
received therapy for <12 months or at low doses (<1.5 mg/kg/day). 
In 7 patients BMC declined with daily steroid treatment and 
increased upon reinstitution of alternate-day dosage. Cessation 
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of prednisone therapy was assəøciated with an appreciable increase 
in BMC. Serum 1,25-vitamin D, levels, determined by the Eiseman 
assay, were reduced in 23 preanisone-treated patients [20 + 4 (SE) 
vs 53 + 5 pgm/ml in 18 controls, p< .005]. The level of the 
vitamin D metabolite was highly correlated with reduction in BMC 
(r=0.78). 

Six of eight patients measured after renal transplantation, 
all receiving prednisone therapy, were significantly demineralized. 

In patients with tubulo-interstitial disease, 15 of 19 (79%) 
has significant reduction in BMC which correlated with serum 
creatinine concentrations. Serum 1,25-vitamin D, in 6 of these 
patients were 15 + 3 and rose to 56 + 15 pgm/ml `(p < .001) after 
therapy at 14-41 mgm/hg/day using oral 1,25-D,. BMC also incre- 
ased in each patient after this therapy. i 

Three of four patients with hypophosphatemic rickets were 
also demineralized, but only 2/10 with hypertension had reduced 
BMC values. 

The technique of direct photon absorptiometry is especially 
valuable in assessing bone-mineral status in children, since 
their growth results in more dramatic changes in BMC, particularly 
with renal rickets or steroid-induced osteopenia. 


(Supported by NIH AM17892, AM16235, AM14881 and NASA-Y-NGR 50-002- 
051) 


Bone Mineral Content of Patients on Hemodialysis and Following 
Renal Transplantation: Bailey RR, Stokes A (Christchurch Hospital, 


Christchurch, New Zealand) 


The incidence of renal osteodystrophy varies greatly but the 
factors determining this are poorly understood. The methods used 
to assess changes in skeletal calcium have limitations. Routine 
radiography is insufficiently sensitive, while quantitative histo- 
logical changes on serial bone biopsies are impractical. 

In this study photon absorptiometry (Norland Cameron 125-I 
bone mineral analyzer) has been used to measure the bone mineral 
content (BMC) in the lower-third of the radius and the middle 
phalanx of the middle finger of the non-dominant arm. 

Forty-four patients who had been on home hemodialysis (HD) 
(3 x 10 hr/wk using a Kiil or Gambro dialyser) for periods of up 
to 6 years, and 32 patients who had received a renal transplant 
(RT) up to 9 years previously have been studied on 4 separate 
occasions at 6-month intervals. 

At the time of the first examination the BMC divided by bone 
width was not significantly different from normal volunteers for 
either the HD or RT patients, although when the latter were sub- 
divided according to their maintenance dose of prednisone some 
minor differences were noted. 

In both the HD and RT patients a small fall in bone mineral 
occurred over the 18-month study period, but this change did not 
reach levels of statistical significance. 


Experience with Photon Absorptiometry in Haemodialysed and Trans- 


plant Patients in Newcastle upon Tyne, England: Aird EGA, Ellis 
HA, Pierides AM (Newcastle General Hospital, Newcastle upon Tyne 


NE4 6BE, England) 


The bone mineral of the femur is measured using an X-ray 
scanning technique. The scanner uses the single-energy/constant- 
thickness method with a photon beam of the characteristic x-rays 
of samarium (Mean energy 42 keV). The scan data is outputted on 
paper-tape for computer processing. 

Two scans of the right lower-femur (l cm apart) have been 
made on a large number of renal patients at regular intervals of 
1 to 4 months over periods of up to 3.5 years. 

90 patients with renal transplants have been followed. A 
portion of these (33) have been followed from immediately fol- 
lowing transplant for periods ranging from 6 months to 3.5 years. 
In general about 50% of all suecessful renal transplant patients 
lose bone mineral. There is evidence that this loss, although it 
may continue in a small proportion of patients, does not persist 
and that in some patients there may be a recovery of bone mineral 
at about 1& months post-transplant. 

Measurements have been made at regular intervals on about 89 
patients on haemodialysis. In a detailed study of 26 patients 
dialysed against a calcium concentration of 6.2 mg/199 ml and not 
given Vitamin D or calcium supplements no patient gained bone 
mineral significantly but there were 12 significant losses. 21 
other patients received supplements of la-OHD, or 1,25 (OH), D}. 
Only one of these lost bone mineral significañtly and nine 
patients gained significantly im the first year of treatment. 
In haemodialysed patients those with low values of percentage 
mineralization on bone biopsy also had a significantly lower bone 
mineral content than those wth high values of percentage miner- 
alization. A change in degree of osteomalacia is nearly always 
accompanied by a change in bone mineral content in the expected 
direction. 

Bone mineral measurements of the radius and ulna have also 


been made over a period of two-years using the Studsvik scanner. 
A significant change in bone mineral in the femur was usually 
accompanied by a change in the forearm in the same direction but 
of larger magnitude. 

It appears that regular photon absorptiometric measurements 
of the femur provides the clinician with useful information. The 
inherent reproducibility of the present techniques expressed as 
the standard deviation of a set of phantom measurements is 1.5%, 
but in serial measurements on patients this error is increased 
two or three-fold. 


Effect of RAUD. in Patients with Renal Osteodystrophy a 
Controlled Therauptic Trial: Christiansen C, Hartnack B, 
Naestoft J, Transbol I (Glostrup Hospital, DK-2600 Glostrup; 


Herlev Hospital, DK-2730 Herlev; Hvidovre Hospital, DK-2650 
Hvidovre, Denmark) 


18 adult patients with chronic renal failure (creatinine 
clearnace 5-35 ml/min.) participated in a controlled double-blind 
trial of the effects of 1,25 dihydroxycholecalciferol (1,25(0H),D, 
l ug daily for six months. This treatment induced significant 
increases in the intestinal absorption of calcium and in serum 
calcium. Furthermore a significant reduction of serum levels of 
parathyroid hormone and alkaline phosphatases was found. The 
bone mineral content (BMC) measured by photon absorptiometry 
was umchanged in both groups. A significant increase in serum 
creatinine levels was observed in the 1,25(0OH) D, group, while 
no significant change was observed in the plac&bé group. It 
appeared that 1,25(0H).D. treatment in chronic renal failure 
did net affect the los& bf calcium from bone despite normalization 
of serum calcium. 


Absorptiometric Quantitation of Experimental Fracture Mineraliza- 
tion: A New Technigue: Hellewell AB (Wright State University 
School of Medicine, Dayton, OH 45431) 


A quantitative, non-destructive method of measuring bone 
mineral deposition in vivo in a repairing osseous defect has been 
develeped, using Iodine-125 absorptiometry. The rate and magni- 
tude ef mineral deposition can be determined from daily measure- 
ments; the resulting attenuation data produce a characteristic 
sigmoidal curve, directly related to mineralization. This tech- 
nique has been employed in studying fracture mineralization in 
animals treated with prednisolone, diethylstilbestrol, low 
calcium rations, electrical currents, and a combination of low 
calcium rations and diethylstilbestrol. 





Hindlimb Densitometry in Normal Beagle Dogs, Using Photon 
Absorptiometry: Martin RK, Albright JP, Newsum GA (Univ. of 


Iowa and VA Hospital, Iowa City, IO 52242) 


The beagle is a well-established laboratory animal; however, 
few studies have been done to establish normal in vivo mineral 
content values for studies of the skeleton. A Norland-Cameron 
Bone Mineral Analyzer (BMA) was used to determine the normal 
range of mineral content and width in the right tibia of 31 
mature male beagles (ages 18-24 months). Using a specially 
designed jig, precision measurements were made on the distal one- 
third of the right tibia of the same dog by obtaining ten, 4-scan 
sets done on three different days. Coefficients of variation 
were 3.1% and 1.2% for mineral content and bone width, respec- 
tively. Machine calibration was performed prior to each set. 

The right tibias of the 31 beagles were scanned weekly 
during the last 14 weeks of a 34-week caging period. Each scan 
represented the mean of four readings. For all dogs, the average 
(X+SD) bone mineral, width, and density were 0.639 + 0.008 gm/cm, 
1.044 + 0.018 cm, and 0.613 + 0.009 gm/cm2, respectively. Group 
and individual time-based variability, during the fourteen weeks, 
indicated that the group varied 1.2% for mineral, and 1.7% for 
width. Individual variability was 2.9% for mineral, and 2.3% for 
width. 

At the Sth, 15th, 21st and 34th weeks into the caged period, 
x-rays were taken on the right tibia. Bone width measurements 
were made on the distal one-third of the tibia in the area of 
the BMA scan site. Analysis of variance between the four groups 
of x-rays revealed no significant differences between the groups, 
indicating that caging had no effect on bone width. Paired 
t-tests between BMA and x-ray readings at the 2lst and 34th weeks 
indicated no significant difference between techniques. 

The precision of photon absorptiometry permits one to obtain 
valuable information on individual variation. This individual 
variation can be assessed by taking multiple readings during the 
baseline period of prospective longitudinal studies. The beagles 
reported in this study showed small variability against which 
treatment effects could be compared. 
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Direct Photon Absorptiometry in the New Zealand White Rabbit: 
Effect of Lactation: Myers RC, Sanchez TV, Mayor GH (Michigan 


State Univ., East Lansing, MI 48824) 


Direct photon absorptiometry is a useful tool for determining 
subtle changes in bone mineral mass. Unfortunately, technical 
problems have hindered extensive use of the technique in experi- 
mental animal models. Bone mineral gain and loss are reported to 
be similar in man and rabbit, therefore, we used direct photon 
absorptiometry on the tibia in the unanesthetized rabbit. 

Bone mineral content (gm/cm) and bone width (cm) were meas- 
ured in vivo by direct photon absorptiometry using the Norland- 
Cameron Bone Mineral Analyzer. Adaptation of the equipment 
involved using an auxilliary readout unit. a 1/16" collimator and 
an I-125 gamma ray source with a tin-filtered strength of 50 mCi 
to 100 mCi. Scan speed was set at 1 mm/sec with an edge criterion 
of 70%. The rabbit was restrained by wrapping and was placed on 
the positioning platform with the left rear-limb extended caud- 
ally so that the scanning beam crossed at a site along the distal 
one-third of the tibia. 

Replicability of this method was examined in a previous 
study by four determinations (twelve scans) of bone mineral mass 
in each of three unanesthetized rabbits. Bone mineral mass (mean 
+ standard deviation) in each rabbit was: 0.433 + 0.021 em/cm~*, 
0.415 + 0.010 gm/cm2 and 0.487 + 0.038 gm/cm?. 

Bone mineral mass was determined in 25 bred or lactating New 
Zealand White rabbits between 30 and 88 weeks old: none had nursed 
more than four litters. Mean bone-mineral mass in the seventh 
week of lactation was 0.381 gn/cn?, while bone-mineral mass in 
bred females was 0.458 gm.cm*. Bone mineral mass of these two 
groups differed by 17%. A significant negative correlation 
(P<0.05) was seen between the duration of lactation and bone 
mineral mass. Although the magnitude differs, a similar trend 
of bone mineral loss has been observed by direct photon absorp- 
tiometry in lactating women. 

Because bone mineral gain and loss are reported to be simi- 
lar in lactating women and the rabbits, the rabbits may be a use- 
ful experimental model of bone mineral changes in man. Direct 
photon absorptiometry can provide sensitive, reproducible and 
non-invasive quantitative measurement of bone mineral mass in 
the unanesthetized rabbit. 


Bone Mineral Content in Oophorectomized Monkeys: Mazess RB, 
Rose P, Rao GN and Larson R (Dept. of Radiology, Univ. of Wiscon- 


sin and Endocrine Labs, WARF Institute, Madison, WI 53706) 


Bone mineral content (BMC) was measured by 125; photon 
absorptiometry in 62 adult female monkeys, 43 of which had been 
oophorectomized during growth (at an average age of 3.6 years). 
The oophorectomized monkeys were significantly heavier (20%) than 
the controls and had significantly greater (10%) limb and trunk 
length. The oophorectomized monkeys had slightly greater bone 
mineral in the radius, ulna and humerus as a consequence of their 
larger body and bone size, but when adjustment was made for this 
by covariance analysis, no difference was observed between the 
groups. Both groups showed loss of bone with age, and the rate 
of bone loss was greater in the oophorectomized group. The lack 
of difference between the groups in BMC seemed to result from 
potentiation of bone growth coupled with acceleration of aging 
bone loss as a result of oophorectomy. The monkeys were re- 
measured after a l-year interval and both groups showed an in- 
crease in BMC, but the increase in the controls was twice the 
magnitude of that in the oophorectomized animals. 


(Supported by NASA-Y-NGR-50-002-051 and NIH AM 17892) 


Progress in Compton Scattering Measurements of Bone Density: 
Webber CE (McMaster Univ. Medical Centre, Hamilton, Ontario, Canada) 


The fraction of a beam of gamma rays which is scattered into 
a detector from a defined volume within an object depends upon the 
density of that object. A system was constructed for the measure- 
ment of the density of the os calcis based on this principle. 
1535m (103 keV) was used as a source of incident beam photons and, 
to correct for attenuation within each object; 170Tm (84 keV) was 
used as a source of secondary beam photons. The two photon beams 
are orthogonal. The result of a bone density measurement is equal 
to the average density of the organic and inorganic components 
within the defined volume; that is the mass of bone tissue per 
unit volume of bone tissue. This is to be distinguished from a 
measurement of bone mineral content which is directly related to 
the mass of bone mineral within a cylinder of bone tissue. Thus, 
Compton techniques are dependent not only upon the mineral content 
of a bone but also upon the fraction of non-bone material included 
within the scattering volume. One advantage of these techniques is 


that the scattering volume can be located entirely within weight- 
bearing trabecular bone. Also, since repositioning of the scat- 
tering volume is straightforward and there is no dependence on the 
thickness or the rotation of the bone, a reproducible measurement 
of the mass density of trabecular bone can be obtained. 

The major source of error in os calcis density measurements is 
the detection of photons which have been scattered more than once. 
These multiple scattered photons may originate from within or from 
outside the scattering volume and the number detected depends upon 
the size and density of the object. Typically an os calcis densi- 
ty of 1.3 g. cm. 73 is overestimated by about 10%. It has been 
shown that corrections for this effect can be made from the trans- 
mittance of the secondary source. This is possible because trans- 
mission is also dependent upon object size and density. Thus each 
result can be corrected from information collected during the 
measurement itself. 

The direct dependence of os calcis density on body weight 
suggests that density may be some function of the mechanical 
stress upon the bone. This implies that physical activity may be 
one of the determinants of os calcis density. We have investigat- 
ed the relation between the density of weight-bearing trabecular 
bone and the level of physical activity in order to assess the 
value of exercise programmes for osteopenic patients. 


Measurement of Bone Density by Compton Scattering: Leichter I, 
Hazan G, Loewinger E, Weinreb A, Robin GC (IL, GH, EL, AW, 


Hebrew University, Jerusalem, Israel; GCR, Hadassah Medical Cen- 
ter, Jerusalem, Israel) 


The electron density of tissues is approximately proportional 
to their density. Since the probability for Compton scattering is 
proportional to the electron density, density can be determined by 
measurement of the Compton-scattered radiation at that site. 

A collimated y-beam from a 137¢s source is directed onto a 
site and the intensity of the scattered-radiation is measured by 
means of a photon-counting-system in conjunction with a focusing- 
collimator. This arrangement allows definition of the scattering 
angle. Radiation which is multiply-scattered is discarded by the 
narrow-window of the pulse-discriminating system, since such 
radiation is not proportional to density. In fact, at the high 
energy of Cs (662 KeV) secondary-scattering is relatively low. 

Because of the finite width of the energy-window of the detec- 
tion system a fraction of the multiply-scattered radiation is 
still monitored. Also because of the limited resolving power of 
the focusing-collimator some radiation from tissue outside the 
investigated volume reaches the monitor, and is recorded as a 
background signal. 

The influence of these effects on accuracy was investigated. 
There was, of course, secondary scattering in the investigated 
volume itself; for the range of interest this does not depend on 
density. The surrounding tissue abosrbs part of the incident and 
scattered radiation. After correcting the results for background 
radiation and tissue-absorption a straight regression-line was 
found for 14 samples of known densities with an accuracy of 2%. 

We measured the density of the radius 3 cm proximal to the 
distal end of the bone, since at this location the bone is can- 
cellous. The bone density of 83 normal and osteoporotic individu- 
als was determined and was compared with the bone mineral content 
(BMC) in the same individuals at the same place (measured by 
photon absorptiometry). There was some correlation between the 
density and BMC but the spread between these parameters was so 
great that there was no way to predict, even approximately, the 
one from the other. 

We also compared the density with the BMC per unit thickness 
(e.g., amount of bone mineral per unit volume) employing an em- 


pirical formula for the calculation of the cross-section area; the 
correlation was even worse. 


X-Ray Bone Densitometer: Clarke RL, Johnson D, King ME, White MW 
(Carleton University, Ottawa, Ontario, Canada) 


Techniques for measurement of density by transmission and 
scattering of x or gamma rays have been described. We have made 
and tested the technique for bones with x-rays. The source was a 
standard x-ray machine, the detectors were CsI crystals on 3/4" 
photo-multipliers. Detected intensities were integrated over a 
fixed number of rectification cycles. The site chosen for test of 
the system was the sharp ventral edge of the tibia about 15 cm 
above the sole and about 1 cm below the surface. A system for 
precisely locating this site was developed. Measurements were 
made 3-5 times on a series of 10 subjects to test the operational 
precision of the system, which was fgund to be +3%. A series of 
about 50 subjects of various ages was tested to confirm that the 
device could reproduce the variation of density with age, seen by 
other workers. 
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Measurement of Bone Density Using Single Source Compton Scatterin 
Methods: Euddleston AL, Bhaduri D (University of Virginia, 
Charlottesville, VA 22901) 


The Compton scattering technique is being investigated to 
assess its feasibility for measurement of the relative electron 
density anc mass density of bone. The single-source low energy 
(Sm153) methed has been used in quantitating the bias due to 
multiple scattering and attenuation in samples of various densi- 
ties and diameters. A group of human femoral head specimens, 
removed upon total hip replacement, was measured with the 
densitometer. The relative electron densities were corrected for 
multiple scattering effects. The accuracy of the measurement in 
samples of known density is better than 3%. The system was found 
to be sensitive enough to reflect the range of electron densities 
of necrotic human cancellous bone-tissue. A system for femoral 
head measurements in vivo is suggested. 


Quantification of Bone Mineralization in Growing Rats by y-Ray 


Computed Tomography: Anliker M, Baumgartner W (Swiss Federal 
Institute of Technelogy and Univ. of Zurich, 8044 Zurich, 
Switzerland) 


The y-ray computer tomograph recently developed for minerali- 
zation studies on arm and leg bones of children and adults has 
been utilized to generate computer tomograms (CT's) of leg bones 
in anesthetized rats. These CT's approach a microscopic scale in 
that the p xel size may be less than 100 x 100 um. They are 
based on I y-rays, a rectangular beam-collimator (150 x 750 
um) before the detector, and a scan time of about 30 minutes. 
They provide quantitative information on the bone mineral distri- 
bution in terms of the linear absorption coefficients of the pix- 
els into which the thin segment of the leg is subdivided. To 
determine a readily identifiable site with a high sensitivity to 
changes in calcium and phosphorus metabolism, a series of measure- 
ments were carried out on the tibias of 8 pairs of rats ranging 
in age from 5 to 40 weeks. In each of these rats 9 CT's were 
evaluated of the right hind limb at 0.5 mm intervals, beginning 
at the lateral malleolus and proceeding towards the knee. Within 
this region of the tibia and for the breed of rats studied, the 
mean linear absorption coefficients for 100% of the tibia cross- 
section appears to be a sensitive measure of weekly growth 
changes in mineralization up to an age of 9 weeks. From the CT- 
data, and also from actual bone sections, it appeared that a 
trabecular bene region near the distal end of the tibia may be 
difficult to identify. In contrast to the distal end of the 
human radius, no reliable measure for the trabecular bone density 
could be defined in terms of a corresponding mean linear absorp- 
tion coefficient. 


(Supported in part by the Swiss National Science Foundation) 


Gamma-Ray CT for Selective Analysis of Trabecular and Compact Bone: 
Effects of Treatment with Estrogen, Testosterone and Growth Hormone 


in Children: Elsasser U, Exner GU, Prader A, Ruegsegger P (Univ. 
of Zurich, Zurich, Switzerland) 


Gamma-ray CT enables quantitative analysis in vivo of trabecu- 
lar bone density (THD), the relative amount of compact bone (bone 
density, BD) and the total absorption (TA) for a cross-section of 
the radius as determined from measurements of linear absorption- 
coefficients (cml). Measurements of 49 normal children (NC), 18 
normal women (NF) and 16 normal men (NM) indicated that TBD is in- 
dependent of age and sex in the range 5 to 40 years. BD remains 
constant throughout childhood but increases after puberty in both 
women and men. TA in relation to body surface area (SA) remains 
constant throughout childhood and is higher in adults than in 
children. 

Several treatment groups were measured. Estrogen (E): 9 girls 
aged 11.9 to 15.7 years (13.2+1.1) were treated with ethinylestra- 
diol (0.3 mg/day continuously) and norethisterone (10 mg/day for 
6 days every 4th week P.O.) for tall stature and followed up to 13 
months (8.42.5). Testosterone (T): 5 boys aged 13.3 to 15.2 years 
(14.5+0.8) were treated with a combination of testosterone esters 
(500 mg every other week I.M.) for tall stature and followed up to 
10 months (8.8#1.8). Growth Hormone (GH): 5 children with idio- 
pathic growth hormone deficiency aged 5.4 to 16.8 years (11.1+5.3) 
were treated with GH (Crescormon®) 5.2 to 7.4 mg/m“ per week I.M. 
(6.2+0.9) and fo} lowed up to 15 months (12.0+2.9). 

TBD (cm ~) BD (cm-l) TA:SA (cm/m2) 


Tx pre post pre post pre post 





E 0.6840.06 0.7440.06 1.9840.21 2.13+0.20 1.19+0.14 1.23+0.14 
T 0.7540.10 0.80+0.08 2.0340.16 2.22+0.12 1.32+0.08 1.38+0.08 
GH 0.67+0.07 0.66+0.07 1.91@0.31 1.9240.30 1.21+0.35 1.18+0.35 
NC 0.73+40.09 =- 1.97+0.14 - 1.28+0.14 - 
NF 0.72+0.09 - 2. 3240:21 - 1.4740.11 - 
NM 0.70+0.14 - 2.28+0.20 - 1.6940.17 - 


Pretreatment values of the 3 groups (E,T,GH) do not differ 
sign@ficantly from NC. With estrogen treatment TBD and BD had a 
significant monthly increase of 1.0% (p=0.01) and 0.9% (p<0.001) 
respe-tively. With testosterone monthly increases of TBD and BD 
were ).8% (p<0.001) and 1.1% (p<0.001). No changes were seen in 
the Gad group. Estrogen and testosterone apparently increased TBD 
and B® but GH did not. 


Densi-ometry of Cortical Bone by Computed Tomography: Revak CS, 


Alexander GH (St. Francis General Hospital, Pittsburgh, PA 15201) 


à single-energy method of bone densitometry for femoral or 
tibial cortex by computed tomography is outlined. The method 
relies on a calibration phantom that simulates the physical 
Properties and annular geometry of the bone being studied. The 
problems associated with beam hardening and partial volume effects 
can be circumvented by use of the phantom. The method was 
accurete and precise for osteomalacic bone at virtually all 
levels of demineralization; mineral loss in extremely osteopenic 
bone eads to be overstated. The method is not vali for trabe- 
cular bene. Results were obtained in osteoporosis and in osteo- 
malacie. 


Correlation Between Calcium Concentration of Bones and Their CT 
Numbers: Huang HK, Ledley RS, Bradley J, Ray R (HKH, RSL, George- 
town University Medical School, Washington, DC 20007; JB, Scar- 
borougn Hospital, England; RR, University of Illinois, Chicago, IL 
60680) 


Tats paper describes a computerized tomographic (CT) scanning 
technique used to evaluate the calcium concentration in bones using 
in vitre specimens. Fresh cadaveric lumbar vertebrae were obtained 
from 23 subjects within 24-hours of death. The specimens were then 
stored frozen and thawed at room-temperature before CT scanning. 

Two different methods were used. In the first case, verte- 
brae were placed in pairs in a specially constructed container made 
from pelyvinyl chloride. The interior of the container was filled 
with a gel-like material called hydroxyl-ethycellulose, chosen 
because its X-ray absorption coefficient falls within the range for 
human issue. A small cylindrical water phantom was also placed 
in the container for purposes of calibration. Twelve vertebrae 
from 3 subjects were studied. 

Ar ACTA 0100 Scanner was used. The box was placed in the path 
of the beam in such a way as to obtain two accurate cross-sectional 
scans cf each vertebral body 7.5 mm in thickness, missing the 
intervertebral discs, and the vertebral end-plates. From each 
scan, the CT numbers of 4 x 4 square picture-elements in both the 
center of the cancellous bone and the center of the water phantom 
were used to compute the average CT numbers of the bone and the 
water. The difference between these two CT numbers were used to 
represent the relative X-ray attenuation of the cancellous bone. 

For the second method, a complete lumbar vertebra and a water 
phantor were mounted on a specially-built holder with no other me- 
dium us=d to surround the vertebrae. The complete lumbar vertebra 
was scanned longitudinally. This second method was chosen because 
it required only one scan to yield the complete information of a 
lumbar vertebrae as opposed to the 4 or 5 scans necessary in the 
cross-sectional scanning method. A comparison of the first and 
second scanning methods showed no measurable difference in the 
relative X-ray attenuation of the cancellous bone. Once scanning 
was complete, each specimen was subjected to physical analysis. 

Us_mg a band saw with a skip tooth blade, each vertebra while 
frozen was sawed transversely or longitudinally, depending on the 
scanning; method used, so as to obtain two discs each approximately 
7.5 mm Rick. The upper and lower end-plates which remained were 
discarded. The cortical edges were trimmed off the discs to 
produce two rectangular blocks, The calcium content was then esti- 
mated from each of these blocks by conventional methods. The 
results were plotted against the average CT numbers of the corre- 
sponding vertebral specimen. These results suggested a linear 
relationship. 


A CT Study of Bone Changes in Lower Extremities of Human Amputees: 


Huang HK, O'Malley S, Kendrick M, Suarez F (Georgetown University 
Medical School, Washington, DC 20007) 


Little attention has been given to the progressive physiclogi- 
cal and anatomical bone changes after amputation. Most existing 
studies nave dealt with animal subjects. To our knowledge, the 
only study of bone changes in human amputees in vivo was that of 
Sevastikoglou et al. (Acta Orthop Scandinav. 40:624-633) who used 
conventional X-rays to evaluate the femur and tibia following 
amputation. 

Altheugh both conventional X-rays and CT scans are simple pro- 
cedures, CT has the advantage of allowing an observation of changes 
occurring around the circumference of the bone, of permitting 
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quantification of the width of the cortex, and of allowing the 
determination of the area of cortical bone and medullary canal. CT 
also enables a determination of the relative density of the corti- 
cal bone and medullary canal, as well as quantitative comparison of 
both extremities. 

The lower extremities of 25 patients were scanned at progres- 
sive distances from the end of the stump, and comparisons were 
made between the normal and amputated limbs of each patient at the 
cortical bone and medullary canal areas. The mean CT numbers and 
the range of the CT numbers were also compared as indications of 
the relative changes in cortical and spongy bone density. 

The ages of the majority of the patients were between 17 and 
25 and between 45 and 75. The causes for amputation in the 
younger group were trauma, osteosarcoma, or lymphosarcoma. The 
older group generally had amputations due to vascular insufficien- 
cy, often secondary diabetes mellitus. The period of time between 
amputation and scanning ranged from six days to 17 years, and the 
use of the affected limb during this period varied greatly. 

The amputated limbs showed a decrease in CT numbers and corti- 
cal width, substantiating the decreased radiopacity observed in 
the conventional X-ray study. In addition, the difference in CT 
numbers between the normal and the amputated limb increased in the 
distal direction. Also, the CT values for the femur cortex of 
below-the-knee amputees often showed lower values on the amputated 
side. 


Calcium Content Analysis In Vivo with Computed Tomography: 
Witt RM, Moran PR (RMW, Veterans Administration Hospital, 


Indianapolis, IN 46202; PRM, University of Wisconsin, Madison, WI 
53706) 


Computed tomography (CT) is a noninvasive method to determine 
the spatial distribution of linear attenuation coefficients ina 
thin slice of the body. The attenuation values (CT Numbers) 
represent the average attenuation of all substances contained in 
each pixel. Usual CT methods cannot reliably distinguish between 
pixels that contain more than one substance because of volume 
averaging. The method is an application of dual-energy absorpti- 
ometry to CT that allows the separation of any pixel into two 
tissue components--bone mineral and soft-tissue. Measurements 
with a single-energy technique with CT scanner will not measure 
the mineral component of bone tissue. 

The CT scans were made with an EMI Mark I Scanner at kVp 
settings of: 140 kVp (28mA) and 100 kVp (40mA). The mass of 
calcium in each pixel can be related to the difference in the CT 
numbers measured at the two kVp settings with the assumption that 
the CT numbers for soft-tissue are the same. The method is accu- 
rate for determining calcium content as demonstrated by the good 
correspondence between the actual bone mineral in phantoms and 
that determined from the CT scans (r> .999). The precision of the 
method would be limited by errors in repositioning. 

CT methods designed for imaging have not been optimized for 
quantitative measurements and probably should not be used to 
determine skeletal bone. Problems affecting all quantitative CT 
methods include poor spatial resolution; image artifacts--edge, 
size dependence, spatial uniformity and subject motion; limited 
choice of photon energies; counting statistics; beam hardening; 
and repositioning errors. The high cost and large radiation dose 
of CT procedures make alternate methods such as photon absorptio- 
metry attractive because similar information is provided at 
approximately one-thousandth of the radiation dose. 


Quantitative Computed Tomography: Wilson CR, James C, Volz DJ 
(CRW, CJ, Medical College of Wisconsin, Milwaukee, WI 53201; 


DJV, General Electric CT Applications, Milwaukee, WI 53201) 


Computed tomography provides a highly precise determination 
of the attenuation coefficients of the tissues of the body. 
Although the visual presentation of this information has made a 
major impact in medicine, the use of CT scanning to provide a 
quantitative assessment of the mass of a body component has not 
been significantly used. Quantitative Computed Tomography (QCT) 
is the application of either single kVp or dual kVp beam photon 
absorptiometry to the determination of the mass of a specific 
tissue component. The feasibility of utilizing QCT for the deter- 
mination of the amount of the mass of bone mineral in the axial 
and appendicular skeleton will be discussed. The effect on the 
accuracy and precision of non-uniform slice thickness, beam poly- 
chromaticity, choice of beam energy, and patient dose will be 
discussed. Measurements in vitro and using phantoms to simulate 
the axial and appendicular bones have been made. There is an 
extremely high degree of correlation between the BMC of excised 
bones from the appendicular skeleton and the mass determined by 
QCT (r=.9994, %SEE=0.5%). The variation in repeat scans at a 
fixed scanning location can be less than 0.1%. The effect of fat 
within the marrow space of trabecular bone on the measurement of 
bone mass is to decrease the estimate of the actual bone mass 


present. The effect can be reduced by the use of a dual kVp beam 
approach. 


Analyses of Multiple-Energy Computed Tomography Techniques For 
the Measurement of Bone Mineral Content: Rosenfeld D, Genant HX, 


Abols Y (Univ. of California, San Francisco, CA 94143) 


We did an analytic study of computed tomography (CT) bone 
mineral estimation over the past three years. The aim was to 
define the theoretical capabilities of CT under practical con- 
straints, and to improve techniques. 

The model of computed tomography used consists of an x-ray 
source, detectors to measure intensity, pre-processing to esti- 
mate projections (line-integrals) from intensities, and a recon- 
struction procedure to estimate the attenuation coefficients 
(CT numbers) from the projections. The effect of "quality" of 
each of these components on bone mineral estimation is presented. 
The effect of each of the following was examined: 

(1) statistical variations of the detected signal. 

(2) x-ray source and detector variations. 

(3) polychromatic non-linearity and commonly employed bone- 

correcting pre-processing schemes. 

(4) the concept of effective energy. 

(5) the choice of optimal kVp's. 

(6) x-ray spectrum shaping. 

(7) internal scanner calibration. 

(8) finite beam-width. 

(9) motion and positioning errors. 

The effect of ignoring the fat-content or collagen-content 
or both was also examined for CT bone-mineral estimation. Based 
on the analytic study and on our experiences, the need for solving 
polychromatic errors, and the need for calibrating for scanner 
independence, have been identified as the two areas requiring 
development. 


(Supported in part by a research grant by Ayerst Pharmaceutical, 
N.J.) 


Spinal Bone Mineral Determination Using Computerized Tomography in 
Patients, Controls and Phantoms: Abols Y, Genant HK, Rosenfeld D, 


ee. 


Cann C, Ettinger B, Gordan GS (University of California, San Fran- 
cisco, CA 94143) 


Computerized tomography (CT) provides a new modality for bone 
mineral determination in the spine. We did serial studies in 
patients, in control populations, and in phantoms, using a General 
Electric CT/T scanner. 

Serial studies are performed at six-month intervals in 
oophorectomized women that have been placed on a placebo or vari- 
able doses of estrogens. Multiple tomographic cuts, l-cm in thick- 
ness are obtained through the first and second lumbar vertebrae at 
80 and 120 kVp. Control populations consist of male and female 
patients without known bone disease who are having CT studies of 
the upper abdomen. Two additional cuts are obtained in these con- 
trols, at 80 and 120 kVp, through the mid-portion of L] or L2. The 
data are analyzed on a specially programmed off-line computer. The 
average CT number within an ellipse positioned inside the vertebral 
cortical shell is obtained for each tomographic cut. 

The preliminary results in 33 controls show a mean CT value of 
161.0 with a S.D. of 31.5 for spinal cancellous bone at 80 kVp. A 
general age and sex relationship has been shown, but a large coef- 
ficient of variation. Oopherectomized patients having had two 
sequential scans show a decrease of 6 to 14% in the average CT num 
ber at 80 kVp for cancellous bone. A poor correlation was found 
between the CT determination for cancellous bone in the spine and 
the Norland-Cameron determination of bone mineral content in the 
radius. 

The results in controls and patients to date may be attribut- 
able to several factors, i.e., repositioning inaccuracies and 
equipment variations, as well as, pathophysiological changes oc- 
curring in the spine. Positioning is crucial in the spine since 
there is considerable variation in bone density from end plate to 
end plate. The effect of improved positioning and thinner (0.5 cm) 
tomographic cuts was examined. Phantom studies showed day-to-day 
variations of approximately 5% in the CT numbers. Long-term 
variations were more difficult to assess since the equipment was 
frequently upgraded and modified by the manufacturer. These vari- 
ations require that scanner independent results be developed. For 
this purpose a phantom containing a series of cylinders with 
selected concentrations of KHPO4 ( a near equivalent of calcium 
hydroxy-apatite) has been constructed. This phantom was scanned 
after each patient providing calibration and permitted expression 
of patient results in equivalent mg per ml of K9HP04,. The accur- 
acy of the technique in both the single and dual-energy modes 
evaluated by means of a phantom frias, ya the lower human torso, 
in which vertebral specimens were placed and scanned prior to ash- 
ing. 

Computerized tomography is potentially useful in spinal-min- 
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eral determination, but is still limited by complex technical 
factors that require additional experimental work as well as theo- 
retical analysis. 


(Supported in part by a research grant from Ayerst Pharmaceutical, 
N.J.) 


Vertebral Mineral By CT Scanning: Banzer D, Schneider U, 
Wegener O (Strahleninst., Freien Universitat, Hindenburgdamm 30, 


D-1000 Berlin 45, Germany) 


As a first step for determination of the vertebral mineral in 

vivo the following measurements were performed: 

l. Relations between CT-values and the concentration of 
solutions of calcium chloride (r=0.99). 

2. Ina water-filled phantom, representing a cross-section 
of a human body, fresh post-mortem vertebrae (L1) were 
positioned. The CT-values of a 13-mm slice were com- 
pared with the BMC, determined by our 1251I-bone scanner 
and with the ash weight (r=0.9). 

3. Values of the whole spongiosa and the whole vertebral 
body were compared (r=0.9). 

4. Preliminary measurements in vivo showed the importance 
of exact definition of the anatomic position of the 
vertebra. 


Histomorphometry and Non-Invasive Methods of Assessing the Amount 


of Bone and the Rate of It's Change: Jaworski ZFG (Univ. of 
Ottawa and Ottawa General Hospital, Ottawa, Ontario) 


Methods of assessing the amount of bone tissue within the 
skeleton are rooted in clinical concerns, since there is a close, 
but not absolute, correlation between reduced bone mass (thinning 
of the cortex and thinning and loss of the trabeculae) and the 
skeleton's fragility. 

There are direct (histo- and radiomorphometry) and indirect 
(photon-absorptiometry, neutron-activiation, photodensitometry) 
methods of assessing bone mass. Indirect methods measure the 
mineral content of the bone tissue, and some (total body neutron 
activation or absorptiometry) may measure, in principle, the 
mineral of the whole skeleton. 

In order to be comparable and meaningful the results of 
these measurements have to be normalized for age, sex and body- 
build. These are established by cross-sectional studies of the 
population according to age, usually by decade. 

Serial measurements of bone mass will yield a bone balance 
(i.e. the rate of bone mass change) which may relate to the path- 
ogenesis of bone fragility and may serve to monitor effects of 
the therapy. Bone balance can be also inferred from the differ- 
ence between mineral intake and output (metabolic balances), but 
this can be used only for short-term studies. Bone balance 
depends on the difference between the rate of bone resorption and 
formation, both of which are linked with the etiology of a given 
disorder anc not on bone turnover-rate. The former rates cannot 
be measured by indirect methods, but require use of the radio- 
isotope kinetic study, or histomorphometry combined with in vivo 
tetracycline-labeling prior to biopsy. Urinary hydroxyproline 
and plasma alkaline phosphatase also may serve as indices of 
bone-tissue turnover-rate. 

Histomcrphometry in conjunction with tetracycline-labeling 
is the only method which permits us to measure in one sample of 
the rib or iliac bone, the bone mass (cortical or trabecular 
respectively) and the bone turmover-rate. In addition, using the 
two biopsies yields the bone balance as well as the bone-tissue 
resorption and formation rates. Biopsy's greatest value, however, 
is in assessing bone-remodeling activity from which less-specific 
parameters such as bone turnover-rate and balance derive (on 
which the quantity and quality of bone tissue ultimately depend). 

Familiarity with histomorphometry and how it is affected in 
disease is essential for the proper assessment of the potential 
and limitations of various methods devised to assess bone mass 
and the rate of its change and consequently for the proper inter- 
pretation of results. 

Histomorphometry assumes that at the microscopic sites of 
bone turnover osteoclasts appear first and erode a cavity of 
standard size, shape and orientation on each of the three bone 
envelopes (periosteal, haversian or intracortical, and endosteal 
cortical and trabecular) which is refilled by osteoblasts. This 
sequence leaves behind a new structural unit of bone tissue. 
Formation occurs in three stages: osteoid deposition, minerali- 
zation, and accretion (crystal growth). Thus, mineral content 
of a given volume of bone tissue will vary from one region of 
bone to another, according to the remodeling rate. Even under 
normal circumstances there isa discrepancy between the mineral 
content and the bone volume, and this may be greatly exaggerated 
in disease. 

The incirect methods of assessing bone mass can only be 
correctly interpreted when no great discrepancy between the bone 


mass anc it's mineralization is expected. The main applications 
of the indirect methods, therefore, are: the establishment of 
(2) the normal bone mass in relation to age, (b) the rate of 
physiological bone changes, and (c) the detection of the popula- 
tions at risk, i.e. those with less bone than expected and who 
are losing it faster. Indirect methods may also serve to monitor 
the progress of disease and the response to therapy. However, 
study of the disease by other methods, particularly tetracycline- 
based histomorphometry, is needed to establish whether one is 
monitoring a de- or remineralization process. 


Quantitative Microradiographic Studies of the Degree of Mineraliza 


tion cf Bone-Tissue: Influence of Age, Sex and Disease: Baud CA, 
Gössi M (Institut de Morphologie, Ecole de Médecine, 1211 Genève 4, 


Switzer land) 


The degree of mineralization of bone-tissue was measured by 
means c= a combined microradiographic and microdensitometric tech- 
nique. A microradiograph was taken of the undecalcified bone- 
section alongside of which an aluminium stepwedge hac been placed. 
The thickness of the bone section was uniform to 10041 micron. 
The X-ray beam must be very homogeneously distributec, which was 
done using a rotating camera. The distribution and area of 
blackenings on the microradiographic film was determined by a 
special _y~-designed automatic scanning microdensitometer with pulse- 
height analyzer. The results appeared directly as a histogram 
which smows the degree of mineralization of bone substance in 
g/cm’, expressed as a percentage of the total sample volume. An 
average value for the degree of mineralization can be calculated 
easily trom the histogram. 

The mineralization of bone-tissue depended upon how recently 
it was formed. Immediately after formation, bone-tissue had but a 
low degree of mineralization. The mineralization was then gradu- 
ally completed. During the growth period, when there was consid- 
erable formation of new bone, the degree of mineralization was low. 
In the adult, it depended on the remodeling activity. In the 
mouse, where little or no remodeling activity occurs, the degree 
of mineralization increased progressively up to the age of 12 
months in females and 16 months in males; a slight decrease in the 
degree of mineralization after 16 months corresponde to the 
increas= in the remodeling activity of the subendosteal zone. 

Im humans, on the other hand, where there is considerable 
remodeling activity in the adult, there was only a slight increase 
of the degree of mineralization, reaching a maximum at approxi- 
mately #0 years of age in both sexes. The degree of mineraliza- 
tion el] slightly in women after 40, and in men after 60. 

Under experimental or pathological conditions, degrees of 
mineralization above or below the normal range can be observed. 
Data obtained in osteoporosis indicated three different types of 
lesions, i.e., with hypermineralization, normomineralization or 
hypomimeralization. 


Automatic Image Analysis of Bone Biopsies: Digital Processing of 


Cortical Bone Cavities: Martin RK, Albright JP, Flohr R (Univ. 
of Iowa and VA Hospital, Iowa City, IO 52242) 


Subtle changes in the skeleton require that sensitive tech- 
niques be deve_oped to measure them. The bone biopsy has become 
a key source of information in our laboratory studies. Our 
experience has shown that changes in mass and architecture of 
biopsies are more sensitive than traditional estimates of cellu- 
lar activity. We use automatic image analysis (Quantimet 720- 
Photoscanner) of contact microradiographs of bone biopsies. This 
microarchitectural analysis system is used at low and high magni- 
fication. 

The magnitude of expected errors was assessed for low-power 
magnification (38-60x). At this range, the marrow cavity and 
larger cortical holes can be reliably measured. Cross-sectional 
biopsies of the third, fourth, and sixth ribs of an adult male 
dog were processed and x-rayed in an undecalcified state. 
Anatomical variations in the rib cage were analyzed for each of 
the following parameters: total subperiosteal area of mineralized 
bone, ratio of bone area to total area, periosteal circumference, 
length of nonperiosteal bone surface and the surface-to-area 
ratios. Small dispersion values of mid-axillary rib mirror- 
segments were seen for (a) percent bone area; (b) circumference 
of periosteal surface; and (c) bone surface-to-area ratios. 

These low-magnification measurements are more sensitive than any 
in-vivo method and are indicated when the changes to be quanti- 
tated ame subtle, but qualitatively obvious under the microscope. 

To accurately detect more subtle changes in cortical poro- 
sity, another program was developed for higher magnification. 

In order for the image processing system to recognize the smallest 
of the haversian canals (30 u2), the microradiograph of an unde- 
calcified bone cross-section is automatically scanned over more 
than 400 frames. For each frame, recognition of individual bone 
cavities (i.e., feature counting) is done with measurements of 
area amc perimeter. Programmed size classification places each 
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bone cavity into one of seven categories. The number of cavities, 
and the totals for area and perimeter in each size category, are 
recorded for each bone speciment. Results of the low- and high- 
magnification approaches were compared. 


In Vivo Analysis of Bone Calcium by Local Neutron Activation of 
the Hand; Correlation with Bone Absorptiometry and His tomorphome- 
try in Controls, Osteoporotic and Uremic Subjects: Maziere B, 


Kuntz D, Comar D (BM, DC, Service Hospitalier Frédéric Joliot, 
91406 Orsay, France; DK, Clinique de Rhumatologie, Université 
Paris VII, Hopital Lariboisiére, Paris, France) 


We measured the calcium concentration of the hand bones by 
local neutron activation, in order to (1) show the Ca loss with 
age in this peripheral segment of the skeleton; (2) estimate the 
magnitude of this mineral loss in osteoporotic and in uremic 
haemodialysed patients; (3) establish correlations between Ca 
of the hand and the bone mineral content of the radius (measured 
by photon-absorptiometry) or the trabecular bone volume (measured 
by iliac crest histomorphometry). 

The irradiation unit consists of two 200-yg 252-californium 
neutron sources arranged diametrically on a vertical ring of 12-cm 


diameter, giving a thermal irradiation flux of about 10 n cm-?s-!, 


The irradiation time was fixed at 5-minutes, which corresponds to 
an absorbed dose of about 10-Rem to the hand. The radioactivity 
induced is measured with a statistical precision of 2%. The 
reproducibility of this measurement, obtained from 2 or 3 suc- 
cessive irradiations on 10 healthy volunteers, was 2.4%. The 
results are normalized as a function of the apparent hand-bone 
volume ([Ca]). 

The control group of 132 white males and females between 20 
and 80 years old was free from diseases known to affect calcium 
metabolism. The osteoporotic group consisted of 45 subjects, all 
over 40, with at least one vertebral collapse. The haemodialysed 
group consisted of 46 uremic subjects dialysed for at least two 
years. In controls the average calcium concentration per decade 
did not change significantly between the ages of 20 and 60 in 
either men or women. Between 60 and 70 the [Ca] value was 0.150 
+ 0.02 g/cm? in women, but still 0.184 + 0.02 g/cm? in men. In 
osteoporotic women [Ca] was significantly lower than that of the 
controls in 4 out of 6 under 60, 7 out of 15 between 60 and 70 
years, and only 1 out of 7 over 70. In osteoporotic men [Ca] was 
significantly lower than that of the controls in 6 out of 10 
under 60 and in 5 out of 6 between 60 and 70. In 20 uremic 
dialysed women, 7 out of 7 with obvious radiological signs of 
hyperparathyroidism has a [Ca] significantly lower than controls, 
3 out of 4 with questionable radiological signs of hyperpara- 
thyroidism has a [Ca] significantly lower than that of controls; 
9 out of 9 without radiological signs of hyperparathyroidism had 
a [Ca] not different from controls. In uremic haemodialysed men 
the same phenomenons were observed, but 4 dialysed men without 
radiological signs and 4 with questionable radiological signs of 
hyperparathyroidism had a [Ca] significantly lower than controls. 

The correlation between the hand bone calcium mass (g) and 
the bone mineral content in the reference group was high 
(r = 0.87, p<0.001); this correlation was very slightly smaller 
(r = 0.85, p<0.001) in osteoporotics but significantly smaller 
(r = 0.72, p<0.001) in uremics. The correlations between cal- 
cium mass of the hand and trabecular bone volume, or trabecular 
bone volume minus trabecular osteoid volume, were weak (not sig- 
nificant) in osteoporotics and uremics. But in uremics it is 
interesting to note a significant negative correlation with the 
histological index of iliac bone resorption (r = -0.495, p<0.05). 

These results show that in the course of ageing, osteo- 
porosis and renal osteodystrophy, the mineral loss can be measured 
reproducibly by neutron activation of the hand. 


In Vivo Neutron Activation Analysis of Partial Body Calcium Using 
Californium-252: Smith MA, Tothill P, Strong JA (Western General 


Hospital, Edinburgh, Scotland EH4 2XU) 


Partial body neutron activation analysis using 252cf was done 
in a hospital over two and a half years. Changes in bone calcium 
of the forearm were measured in response to different treatment 
regimes ip geverel groups of patients. 

Two 5 Cf sources were used, minimum activity 56 mCi, for 
bilateral irradiation of the forearm which was immersed in a water 
bath. The water bath was 17 cm wide between the sources. This 
premoderation gave optimum calcium activation per unit dose. 
Induced activity was measured in a bilateral geometry using two 
15 cm x 10 cm NaI detectors. Standard spectra were fitted to the 
patient spectrum using a least-squares technique to obtain the 
counts from calcium. 

To measure small changes in calcium three repeated measure- 
ments were made on every patient visit. Calcium counts were 
measured (64 cases) with a precision of 1.6% and with an average 
forearm bone dose of 3 rem. 

Changes in the mineral content of the forearm were investi- 


gated 5 cm from the distal end of the radius by photon 
absorptiometry using 24lAm. Reasonable correlations were found 
between percentage changes as measured by both methods: r = 0.38 
for a group of 33 epileptic patients and r = 0.41 for a group of 
19 renal patients. Mineral changes were also monitored in the 
hand using the radiological technique of metacarpal indices, but 
no correlation was found between the two methods in the group of 
19 renal patients. 

Apparatus has also been developed to measure calcium changes 
in the lumbar spine. Two 100 mCi sources of 2cf, separated by 
20 cm, were situated 6 cm from the skin surface. No premoderator 
or reflector was used and the patient was irradiated sitting in a 
modified dental chair, tilted back at an angle of 30°. The 
induced activity was measured with the patient supine in the 
centre of a whole body counter incorporating four 15 cm x 10 cm 
NaI detectors. Sets of three repeated measurements on a group of 
10 volunteers gave the figure for the precision of a single 
measurement of 2% for a bone dose of 1.3 rem and a skin dose of 
10 rem. It was impossible to measure phosphorus in the lumbar 
spine with 252cf. 


Partial-Body Activation Analysis of Skeletal Calcium Using A 
Californium-252 Source: LeBlanc AD, Evans HJ, Johnson PC 


(Baylor College of Medicine, Houston, TX 77030) 


Partial body activation of calcium has been performed in 
experimental animals (cebus monkeys) and human patients using a 
neutron source (1.5 mg Cf) placed 40 cm from the skin surface. 
The collimator, premoderator and backscatterer used are designed 
to optimize the results from the specific region activated. Fol- 
lowing activation, the irradiated area is positioned between two 
29 cm diameter x 10 cm thickness NaI detectors for counting and 
quantitation. 

A group of 8 cebus monkeys (average weight 2 kg) were 
activated 11 times over a 5 month period in each of two regions 
to study the effect of corticosteroid administration. For the 
lower body region (pelvis, legs and tail) the mean coefficient of 
variation (standard deviation x 100/mean) was 3.4 and for the 
spinal region it was 3.1. The neutron dose per activation was 
determined to be 650 mrad for the lower body and 450 mrad for the 
spine. 

The long-term calcium changes in the hands and feet of renal 
dialysis patients are being studied. Preliminary measurements 
have been made to determine baseline values and the precision of 
the technique. The left foot and ankle of each of 5 patients 
were activated twice at one-week intervals for the baseline val- 
ues. The percent difference between the two measurements (change 
x 100/first measurement) ranged from +2.9 to -4.4 with a mean of 
-0.2. In addition, the hands of 6 patients have been activated 
twice at one-week intervals. The percent difference between the 
two measurements ranged from +1.4 to -9.9 with a mean of -1.9. 
The mean difference of both the hands and feet are slightly less 
than would be expected from counting statistics alone. The 
neutron dose per activation is 45 mrad for the foot and 60 mrad 
for the hand. Longitudinal studies are continuing, but insuffi- 
cient data are available for us to document the expected trend. 


The Value of Partial Body Calcium Measurements by IVNAA in Clinical 
Long-Term (5 Year) Longitudinal Studies: McNeill KG, Harrison JE, 
Bayley TA, Sturtridge WC, Williams C (University of Toronto, 
Toronto, Canada) 


The clinical data on bone mineral mass by IVNAA has been con- 
siderably expanded since that reported in New Orleans in 1976. The 
CaBI, which normalized the data for body size, is valuable for as- 
sessing the bone mineral status of an individual (rather than show- 
ing population trends). Our wider experience confirms previous 
results that osteoporotic fractures occur with CaBI values 0,50 - 
0.90 compared to the normal range for adults <50 years of age (0.75 
- 1.25). While 25% of osteoporotic subjects have CaBI values that 
overlap the low normal values, a CaBI value <0.75 is indicative of 
osteopenia. For example, 10 of 43 hyperthyroid patients had CaBI 
values <0.75. Some of these patients were over 50 yrs. of age and, 
in these patients, the reduced bone mass will be the combined 
effect of hyperthyroidism and aging bone-loss, but, regardless of 
the cause, the CaBI value <0.75 indicated a high probability that 
osteopenic fractures will occur. Eight of these hyperthyroid 
patients were measured sequentially over 2-3 years after success- 
ful treatment for hyperthyroidism. In 3 patients a significant 
increase in CaBI of 15 to 30% was observed. These 3 patients had 
low or low normal values initially (.64-.85). No significant 
changes were observed in 4 patients whose initial CaBI values were 
above the normal mean (>1.0) and in one postmenopausal woman with 
an initial CaBI of 0.82. The data inficated that only those 
patients with bone-loss associated with hyperthyroidism showed 
improvement after treatment. 

Sequential measurements were done on 10 osteoporotic patients 
for 4-5 years following onset of treatment. In different patients 
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the measurements showed changes from +6% to -5%/year (and total 
changes of +30% to -20%). The significant changes were observed in 
patients given sodium fluoride (50 mg/day) together with Ca and 
vitamin D treatment. However, while 3 showed a significant in- 
crease of 15 to 30 % over the total period, two patients on this 
treatment showed a further loss of 20%. The remaining 5 patients 
who received various combinations of Ca, vitamin D and hormone 
therapy with or without fluoride showed less significant changes 
over this period, -1.5% to +2%/year. This may be compared to 3 
volunteers who showed <0.5%/year decrease in bone mineral over the 


same 5-year period. Sodium fluoride did not increase bone in all 
cases. 


Comparison of Total-Body Calcium with Radiographic Photodensitome- 


try and Photen Absorptiometry Measurements of A endicular Bone 
Mineral Content: Zanzi I, Colbert C, Bachtell R, Thompson K, 
Aloia J, Cohn S (Brookhaven National Laboratory, Upton, NY 11973; 
Greene Memorial Hospital, Yellow Springs, OH 45387) 


Comparison was made by two groups of investigators utilizing 
three techniques for evaluating bone mineral mass. In one insti- 
tution, total body calcium (TBCa) by total-body neutron activation 
analysis, and bone mineral content of the radius (BMCr), by photon 
absorptiometry (Norland-Cameron Bone Mineral Analyzer), were 
measured comcomitantly. In the other institution, the mean bone 
mineral content of the three inner phalanges of the left hand 
(BMCh) was estimated by radiographic photodensitometry. These 
techniques were applied to two groups of subjects: 16 patients 
with primary osteoporosis and 14 healthy marathon-runners. 

In the athletic population, TBCa was significantly correlated 
with BMC), (p<0.03) and with BMC; (p<0.01). There was a highly 
significant correlation between TBCa and BMC} (p<0.001) and with 
BMC, (p<0.001) in the osteoporotic patients. These two measures 
of appendicular BMC were also significantly correlated with each 
other (p<0.002) in this population. 


(Supported by the U.S. Department of Energy and the National 
Institute of Environmental Health Sciences, USPHS Grant Nos. 
ES-00831 and ES-01825). 


Microradioscopic Morphometry ef Intracortical Resorption in Hand 


Bones in Normals and in Chronic Renal Failure Patients: Grading 
Versus Measurement: Meema HE, Oreopoulos DG, Meema S (Toronto 
Western Hospital and University of Toronto, Toronto, Canada) 


High bone turnover is often accompanied by increased intra- 
cortical porosity. The intracortical osteoclastic resorption 
spaces ("tunnels"), measuring over 100 microns in diameter can be 
readily visualized in fine-detail (industrial) roentgenograms of 
hand bones at x6 magnification by the simple technique of micro- 
radioscopy, and the degree of intracortical resorption evaluated 
semi-quantitatively by some grading method. 

We have now examined the feasibility of quantitative estima- 
tion of intracortical resorption by counting the numbers of intra- 
cortical resorption spaces in 4 mm long zones at the midshafts of 
the proximal phalanges of digits II and III and of metacarpals II 
and III in fine-detail roentgenograms of one hand in 60 normals 
and 61 chronic renal failure (CRF) patients. Since the number of 
resorption spaces within a given cortex depends on the size of the 
counting area, intracortical resorption was expressed as the ratio 
of the counted intracortical resorption spaces (IRS) to the com- 
bined cortical thickness (CCT, in mm) at the midshaft. These IRS/ 
CCT ratios were expressed as totals for the two phalanges and for 
the two metacarpals. 

In the normals, the ratios IRS/CCT ranged from 0 to 0.7 in the 
metacarpals, and from 0 to 2.2 in the phalanges. Despite the larg- 
er normal range in the phalanges, the number of cases with dis- 
tinctly increased IRS/CCT was slightly higher (27) in the pha- 
langes than in the metacarpals (23). When comparing these results 
with our older method of metacarpal grading, it was found that in 
the phalanges only 3 of 17 of the previously diagnosed cases with 
increased metacarpal intracortical resorption fell into the normal 
ranges of IRS/CCT, whereas 12 new cases of abnormal IRS/CCT were 
detected by the quantitative method. When expressed as percentages 
of the total of 61 CRF patients, 28% were abnormal by grading of 
metacarpal striation while 43% were abnormal by phalangeal IRS/CCT. 
Although the metacarpal IRS/CCT was abnormal only in 36% of the 
cases, in 4 patients the IRS/CCT was abnormal in the metacarpals 
but not in the phalanges. Thus, when quantitating intracortical 
resorption in the phalanges and metacarpals separately, the total 
number of patients with this abnormality rose to 30, the sensitivi- 
ty having been increased nearly twofold in comparison with the 
grading method (from 28% to 49%). A further advantage is that 
the numerical expression is getter suited for statistical analy- 
sis of date than the results by grading. 


(Supported by the Medical Research Council of Canada, Grant MA 
3889, and by Board of Trustees, Toronto Western Hospital) 


A Study of Etiological Factors in Osteoporosis Using the Femoral 


Trabecular Pattern Index: Maini PS, Lamba RS, Singh M (PSM, RSL, 
Medical College Hospital, Rohtak 124001, India; MS, Michael Reese 
Hospital & Medical Center, Chicago, IL 60616) 


Je examined 478 asymptomatic individuals ranging in age from 
20 to &3 years and 23 cases of femoral-neck fractures in Haryana, 
India. These individuals were examined with regard to physical 
build and bone status, using the femoral trabecular->attern index 
descr bed by Singh et al. (1970) and the vertebral biconcavity 
spine-score developed by Barnett and Nordin (1960). We investigat- 
ed dietary habits, physical activity, medical history and sexual 
poten-y. Bone status was then correlated with these factors. The 
distr bution of individuals according to their age, sex and femoral 
trabecular-pattern grades was: 


Sex Age Trabecular Pattern Grades 
VI V IV III Il 
Male 21-30 30 10 = + = 
31-40 25 13 2 = - 
41-50 19 14 6 1 - 
51-60 21 17 2 = - 
61-70 10 14 10 < =- 
71-83 8 17 8 9 2 
Femal= 21-30 22 14 3 - - 
31-40 13 17 6 2 1l 
41-50 15 18 6 1 - 
51-60 6 E3 15 6 = 
61-70 1 10 ii 14 3 
71-90 3 2 16 18 2 


“ke overall incidence of osteoporosis was 28.6% in males and 
39.25. in females. Of these 94% of cases occurred after age 50. 
There was an increased incidence of osteoporosis in postmenopausal 
women (beyond age 50), and in men following the male climacteric 
(after age 60). Dietary insufficiency, particularly of protein, 
corre ated with an increased incidence of osteoporosis. Osteo- 
poros_s was 3.5 times more common in individuals subsisting on a 
poor iat. Physical activity seemed to have a protective effect 
again t the development of osteoporosis; sedentary individuals 
were ound to have 2.5 times greater incidence as compared to the 
physi ally active persons. In terms of physical development 
osteo arotics were lighter, and shorter in stature, as compared to 
the cemtrols cf the same age and sex. The femoral trabecular- 
pattemm index was a more sensitive method of assessing osteoporosis 
than “he vertebral biconcavity score. 


Longi wiinal Data on Bone Mass: Comparison Between Gamma Photon- 


Absor; tiometry and Radiogrammetry: Dequeker J, Geussens P; 
Wielandts L, Nijs J (Academic Hospital, Univ. of Leuven, B 3000 
Leuven, Belgium) 


impwledge of reproducibility of a method is of primary impor- 
tance wnen sequential changes in bone mass in one individual will 
be evaluated. Because of the large number of small random errors 
it is alivantageous in the radiogrammetry of sequential changes to 
read multiple bones. Measuring six metacarpals we found a coef- 
ficient of variation of 1.3% compared to 3.1% when only the second 
metacarpal was measured. The largest single source of error in 
making serial photon-absorptiometry measurements on an individual 
does ct involve the method itself but the location of the correct 
scan site. To minimize repositioning errors we measured multiple 
sites within a 2-cm distance (7-8-9 cm from the distal end of the 
radius) and obtained a coefficient of variation of 2.4% compared 
to 3.7% when only the 8 cm site was scanned. This comparative 
study is based on photon-absorptiometric and radiogremmetric 
follow-up data of 9 patients suffering from osteoporosis. The 
subjects were studied over a time interval ranging from 4 to 56 
months. In all, thirty-two observations were available covering 
69 patient-years. The difference between sequential data were 
expressed as a ratio. There was no significant correlation be- 
tween tme changes measured by photon-absorptiometry end those 
measumed by radiogrammetry (r=-0.191). 

im our hands the radiogrammetric method was superior to the 
photor—absorptiometric method for the evaluation of sequential 
changes in one individual. Furthermore the radiogrammetric method 
proviced information on surface-specific bone-remodeling processes. 


Comparison of Radiogrammetric and Absorptiometric Measurements in 
Bone~losing Patients With and Without Subperiostial Resorption: 
Garn Sf Poznanski A, Mayor G, Pottenger J (SMG, AP, Univ. of 
Michigan, Ann Arbor, MI 48104; GM, JP, Michigan State Univ., East 
Lansing, MI 48824) 


Ca a theoretical basis radiogrammetry and direct—photon 
absorptiometry should yield comparable information on tubular 
bones, since beth methods supposedly measure the mass and area 
of corzical (i.e. compact) bone. However, correspondences be- 
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tween the radiogrammetry and the absorptiometry should be less 

close where there are resorption spaces within the compact bone 
as seen radiographically by subperiostial resorption of linear 

striations. 

We examined 185 chronic renal disease patients (CRD) charac- 
terized by decreased bone mass (both radiogrammetrically and 
absorptiometrically). The group included many individuals with 
subperiostial resorption. There were some dialysis patients, 
transplant-patients, and dialyzed transplant-patients but black 
patients were excluded from analysis. 

Of the 148 patients without evidence of subperiostial resorp- 
tion, there were close correspondences between the radiogrammetric 
and the absorptiometric values. The values were expressed as sex 
and age-specific deviations (in SD units) from the Wisconsin 
standards (for direct-photon absorptiometry) and the University 
of Michigan radiogrammetric standards; Percent Cortical Area 
(PCA) averaged -0.83 SD and Bone Mineral/Bone width (BM/BW) aver- 
aged -0.97 SD. On the other hand, with intracortical resorption 
spaces there were greater differences between the two methods. 

For 14 patients with linear striations there was an 9.4 SD dif- 
ference between the two methods, while the difference was 0.3 

for 8 patients with subperiostial resorption, and 1.6 SD for 15 
patients with both linear striations and subperiostial resorption. 

We also used the two methods to identify those patients with 
radiographic subperiostial resorption. Compared to the ape-sex 
trend, the radiogrammetric approach identified 30 out of 37 
patients. The absorptiometric approach, in turn, succeeded in 
discriminating 35 out of 37 patients. Both methods gave signi- 
ficant discrimination, but the Chi-square value for the absorptio- 
metry (29.4) was far higher than the Chi-square for the radio- 
grammetry (14.3). 


The Detection of Bone Disease in Primary Hyperparathyroidism: 
Neer RM, Mahaffey JE, Daly M, Lans D, Potts JT (Massachusetts 
General Hospital, Boston, MA 02114) 


Photon absorptiometry (125-I) of the radius, micrometer 
measurements of cortical bone thickness or hand radiograms, and 
visual inspection of hand radiograms were compared in 73 patients 
with primary hyperparathyroidism. Absorptiometry measurements 
were made at the 33% and 10% radius sites, micrometer measurements 
were made with and without 7X enlargement (Leitz Macro-Kromar) , 
and micrometer measurements and visual inspections were both done 
on xero-radiograms, fine-grain x-ray films, and routine x-ray 
films exposed with image-intensifying screen. Reproducibility 
(both within and between observers) for each technique was com- 
pared by analysis of variance. Accuracy for each technique was 
compared by ROC curve analyses. 

Xeroradiograms were no better than fine-grain x-ray films; 
conventional films were inferior. Magnification was not helpful 
for micrometer measurements. Cortical bone 5I measurements were 
better than distal (cortical-trabecular) measurements, and 
micrometer measurements were the most precise of all the measure- 
ments. Visual inspections were disappointingly inconsistent. 


Photodensitometric Evaluation of Bone Fracture Repair: Nikolic V, 
Sajko D, Vukicevic S, Hancevic J, Vikic S, Winter I (University of 


Zagreb, Zagreb, Yugoslavia) 


When X-ray photodensitometry of a bone fracture fissure is 
performed at different time intervals, it is possible to evaluate 
the dynamics of bone regeneration and thus, diagnose any distur- 
bance of the healing process in its early stages. We worked out a 
method based on this principle. Ina recent fracture fissure 
shown on an X-ray in a suitable projection (without superposition 
of the bone fragment), the optical density of the fracture fissure 
corresponds to the density of the soft tissue and is marked as 
level 0. The density of the neighboring bone fragments is marked 
as level 1. In this way, the density of the bone fragments serves 
as the point of reference for estimation of callus mineralization. 
Corresponding parts of the healthy bone X-rayed simultaneously on 
the same film with the fractured bone are the points of reference 
for evaluation of bone atrophy of the damaged extremity. We ap- 
plied this method on experimental animals and clinical material. 

First, experimental fractures of the tibia were made on a 
series of Fisher albino rats. The animals were sacrificed at vari- 
ous time intervals following the fracture. Both the fracture and 
healthy extremities were X-rayed with the molybdenum-anode X-ray 
device. This X-ray picture was then exposed to photodensitometry 
as described above. At each time interval, the mean coefficient of 
the mineral density of the callus and the quotient of the density 
of the fractured bone in relation to the normal bone were calculat- 
ed. After the bones were isolated, the stiffness of the callus was 
determined by measuring the mobility of fragments during applica- 
tion of lateral force. The angle of the fracture deformation was 
measured with a laser beam reflected in a miniature mirror which 


was attached to the free fragment. After this test, the prepara- 
tions were placed in methyl-methacrylate and cut with the hard- 
tissue microtome. After the fracture in the test animals, the 

time intervals were labeled with intravital dye (fluorochroms). 
This experiment provided further understanding of the dependence of 
the densitometric paramenters of a fracture fissure on the X-ray, 
the degree of mechanical consolidation of the callus and the histo- 
logic picture. 

Secondly, investigations were made of 69 patients suffering 
from long-bone fractures whose healing process was clinically 
diagnosed as normal or delayed union. The fractures were repaired 
with various interior and exterior fixations. The dynamics of 
X-ray consolidation and mineralization of callus were determined 
for all the patients. In several patients we compared the photo- 
densitometric method with the scintigraphic measurement of the 
healing process. Although these are still preliminary results, 
we obtained reliable numerical parameters for estimating bone 
fracture repair with this method, and it can easily be applied in 
clinical examinations. 


Comparison of Cortical Indexes With Bone Mineral Content B 
Radiographic Photodensitometry: Colbert C, Bachtell RS, Bailey J, 
Spencer R, Himes JH (CC, RSB, JB, RS, Greene Memorial Hospital 
Inc., Yellow Springs, OH 45387; JHH, Wright State Univ. School 

of Medicine, Yellow Springs, OH 45387) 


One of the cortical bone measures, cortical area (CA) [cor- 
tical volume (V) per unit length of bone] at the second-metacar- 
pal midshaft is a widely-used predictor of skeletal mass. To 
investigate the usefulness of CA, we computed it from left-hand 
radiographs of 55 brass-foundry workers (ages 25-65). CA was 
measured both manually, with Helios calipers, and automatically, 
from computer scans. The manual method had the higher precision. 

We examined some correlations between CA and bone mineral 
content (BMC), as determined by radiographic photodensitometry 
(or absorptiometry) in the metacarpal and in middle phalanx II. 
We correlated the following measurements at midshaft: 


CA of the 2nd metacarpal with BMC of the 2nd metacarpal 


(r = 0.605) 

CA of the 2nd metacarpal with BMC of middle phalanx II 
(r = 0.660) 

BMC of the 2nd metacarpal with BMC of middle phalanx II 
(r = 0.451) 


All three correlations, although significant (p< 0.001) were 
weak. Besides the small "normal" variation between the metacar- 
pal and the phalanx, there were other reasons why higher correla- 
tions were not obtained: (a) CA assumes that the bone is cylin- 
drical, which is not often the case (r = 0.803, Horsman and 
Kirby, 1972); (b) the BMC (obtained by ashing) of "normally" 
mineralized metacarpals does not correlate perfectly with CA 
(r = 0.853, Gryfe, Exton-Smith and Stewart); (c) CA ignores 
trabeculae in the medulla; and (d) there were possible errors in 
the photodensitometer approach. 

Another widely-used cortical measure is Garm's percent cor- 
tical area (PCA) of the second metacarpal (EForsman's cortical/ 
external volume ratio). PCA was not significantly correlated 
with metacarpal or phalangeal measurements by photodensitometry. 


Radiographic Photodensitometry and Maintenance Hemodialysis: 
Chester AC, Diamond LH, Smith RE, Bachtell RS, Colbert C (George- 


town University Hospital, Washington, DC 20007) 


The hand radiographs of 180 adult chronic-hemodialysis 
patients (mean age 48.4 yrs) were analyzed by radiographic photo- 
densitometry (absorptiometry) for phalangeal mineral concentration 
(bone mineral content/bone area, BMC/BA). The mean initial per- 
centile score of BMC/BA was not significantly different from age-- 
and sex-matched controls. Rate of loss was less in older patients 
than in the younger ones, but the correlation with age was weak 
(r = 0.32, p<0.01). 

Of the 21 patients who had three or more radiographic anal- 
yses over ~1.5 year interval, the BMC/BA declined with the dura- 
tion of dialysis. Eight of 21 patients gained BMC/BA (approxi- 
mately 2.4%) and 13 of 21 lost BMC/BA (approximately 10%). Of 
these 13, 7 lost at a much greater rate. The change in BMC/BA 
was significantly different between the 2 groups (t = 5.13, 
p< .001). The precision of the technic (c.v.) was nominally 
2.5%. There was no significant difference in serum calcium, 
phosphorus and alkaline phosphatase between the 8 patients who 
gained BMC/BA and the 7 who lost BMC/BA at the accelerated rate. 

Radiographs of the 8 patients who gained BMC/BA and the 7 
patients who lost BMC/BA were graded yisually by the radiologist 
on a scale of 1 to 4. The radiologist could detect a decline in 
only 3 of the 7 losers and he was unable to detect any change in 
those 8 who gained. 
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The Developaent and Validation of Measurement of 24-Hour Bone 
Uptake of Tc HEDP as an Index of Metabolic Bone Disease: 
Fogelman I, Citrin DL, Bessent RG, Mazess R (IF, RGB, Glasgow 


Royal Infirmary, Glasgow, Scotland; DLC, RM, University of Wiscon- 
sin Hospital, Madison, WI 53706 


The 99mTe labelled phosphate and diphosphonate compounds, 
widely used in isotope scanning for bone disease, have suitable 
properties for use in studies of bone metabolism. 99™Tc HEDP 
(*Osteoscan, Proctor and Gamble, Inc.) satisfies the following 
criteria for a radioactive tracer in the investigation of meta- 
bolic bone disease: 

a) rapid bone uptake of a significant proportion of admin- 

istered activity. 

b) bone uptake related to bone blood and metabolic activity. 

c) skeletal binding which is irreversible at least in the 

short term (6 hours). 

d) rapid renal excretion of that proportion of the adminis- 

tered activity not taken up by bone. 

e) no significant soft tissue retention. 

f) laek of toxicity. 

A shadew-shield whole-body counter was used to measure whole- 
body retention of uCi activities of c HEDP in normal males up 
to 6-hours after injection. These studies demonstrated that the 
method is simple, innocuous, and had high reproducibility. 

Due to the lack of soft tissue concentration of 99MTc HEDP 
we have suggested that the 24-hour whole-body retention of 99™Tc 
HEDP may be an accurate index of bone metabolism, both in health 
and disease. The suggestion that 24-hour whole-body retention 
of 99mTe HEDP may be an accurate measure of 24-hour uptake is 
supported by animal data which shows a high correlation between 
24-hour whole-body retention and bone concentration of 99™Tc 
HEDP measured directly. 

Measurement of 24-hour bone uptake in 21 control subjects 
and 60 patients with metabolic bone diseases (osteoporosis, renal 
osteodystrophy, Paget's disease, osteomalacia and primary hyper- 
parathyroidism) has demonstrated significantly elevated bone 
uptake in patients with renal osteodystrophy, Paget's disease, 
osteomalacia and hyperparathyroidism compared with control sub- 
jects. Osteoporotic patients, as a group, can be distinguised 
from the cortrol population, but there is overlap with the nor- 
mal subjects. 


Computerizec Kinetic Analysis of Two 99m-Tc-Sn-Diphosphonates 
Demonstrating Different Binding Characteristics: Arnold JS, 


Barnes WE, Khedkar N, Nelson M (Veterans Administration Hospital, 
Hines, IL 60141) 


Marked differences in the kinetic behavior of two similar 
diphosphonate compounds, EHDP and MDP, have been observed in human 
clinical bone imaging studies. We have developed a computerized 
technique fcr subtracting the blood and soft tissue backgrounds 
from sequential images of bone made over a period of 4 hours 
following I.V. injection of 99m-Tc-Sn complexed agent. The bone 
activity stripped of its background activity can be plotted for 
any imaged area of the skeleton. The time course of activity in 
vertebrae, pelvis, and femurs has been studied in 3 patients 
imaged with MDP and 6 with EHDP. The bone and blood time activity 
curves have been fit by a kinetic model in which bone is represent- 


ed by two compartments, one exchanging with the blood and the 
other being ncen-exchangeable. The blood to bone fractional 
transfer constants were almost identical for the two agents. For 
Tc-99m-EHDP, the mean exchangeable bone to blood transfer constant 
was 6% per minute while that to non-exchangeable bone was 3% per 
minute. On the other hand, Tc-99m-MDP bone activity was virtually 
entirely irreversibly bound. The Tc-99m-EHDP transfer from 
exchangeable to non-exchangeable bone was greater in hot lesions 
than in normal bone, suggesting that Tc-99m-MDP may be a better 
imaging agent of the skeleton, but EHDP may image osteoblastic 
lesions better. It is suggested that the methyl and hydroxyl 
groups on the linking carbon of Tc-99m-EHDP may alter the config- 
uration of the phosphonate groups so as to decrease their binding 
energy to mineral surfaces and making binding a reversible process. 
In newly depositing bone, the binding sites may be different where 
binding is irreversible. 


Effect of Thyrocalcitonin on l8F Uptake and Various Biochemical 
Variables in Spinal-Cord Injured Subjects With Periarticular Bone 


Formation: Naftchi NE, Viau AT, Sell GH, Lowman EW (New York 
university Medical Center, New York, NY 10016) 


Some of the sequelae of spinal cord trauma are kidney stone 
and periarticular bone formation as well as mineral end matrix 
resorption from the bones which leads to osteoporosis. In three 
paraplegic subjects who exhibited evidence of periarticular bone 
formation calcium uptake was measured by 13p scintimetry before 
and afiter one month of treatment with salmon thyrocalcitonin: 

100 MRC units daily during the first two weeks and 100 MRC units 
every seeond day for the second two weeks. The scintimetry was 
performed on a Raytheon dual scanner using a 5" x 5" sodium iodide 
crystal; the pelvis and the knees were scanned. The short half- 
life of F results in a lower radiation dose per scan per patient 
permitting frequent measurements of the affected areas. Thyrocal- 
citonin therapy caused a marked diminution of F uptake in the 
affected areas in one subject with long-standing periarticular 
ossification of both hips. Clinically, the range of motion in 
this subject increased by 25 degrees and there was a marked 
decrease in pain locally. The results were, however, not dupli- 
cated in two subjects with periarticular bone formation of short 
duration. 

We also investigated bone resorption in ten paraplegic 
subjects by determining urinary excretion of hydroxyproline, 
calcium end phosphorus. Measurements were performed weekly from 
the onset to four months after the injury. Compared with control 
values (100 + 20 mg/24 hr) urinary excretion of calcium was 
elevated in spinal-cord injured subjects (310 + 68 mb/24 hr; 

p < 0.01) for the entire four month period. Urinary hydroxyproline 
was elecated in paraplegic subjects (80 + 7 mg/24 hr) for eight 
weeks anc in quadriplegic subjects (102 + 16 mg/24 hr) for the 
entire 16 weeks following the injury compared with controls 

(50 + 5 mg/24 hr; p<0.01). Both paraplegic and quadriplegic 
subjects excreted more phosphorus (1.6 + 0.3 gm/24 hr) than con- 
trols (0.85 + 0.1 gm/24 hr; p<0.01) during two weeks following 
spinal cord injury, after which phosphorus excretion returned to 
control levels. The results indicate that bone resorption, as 
evidenced by the high excretion of calcium and hydroxyproline, 
Starts immediately after spinal cord trauma. Any therapy, there- 
fore, should commence immediately after the onset of the injury. 


Editorial 


The Areae Gastricae 


The lining of the stomach has a fine surface pattern due 
to a system of intersecting furrows which subdivide the 
surface of the mucosa into small, slightly bulging oval 
areas 1-5 mm in diameter. These areas, the areae gastri- 
cae, have been described in the standard textbooks of 
histology for decades [1]. They have also been referred 
to as the fine relief or micromucosal pattern in contrast 
to the gross or macromucosal pattern formed by the 
gastric rugae. 

Nearly 20 years ago, W. Frik [2-4] pointed out that, 
with careful technique using the proper barium and 
graded compression, this micromucosal pattern could 
be demonstrated radiographically. He claimed that alter- 
ations in the fine relief pattern of the gastric mucosa was 
a much better radiographic indicator of atrophic gastritis 
as determined by gastroscopic biopsy than the rugal 
pattern. Whereas inability to demonstrate the micromu- 
cosal pattern did not signify mucosal pathology, the 
demonstration of normal areae gastricae excluded the 
presence of diffuse atrophic gastritis with a probability 
of 93% + 10%. When irregularly enlarged areae with a 
diameter of more than 3 mm were present, the correla- 
tion with the presence of diffuse atrophic gastritis was 
97.5% + 5%. A curious aspect of these data is that most 
of these correlations were between the mucosa of the 
body of the stomach and the micromucosal pattern of 
the antrum. However, a smaller number of biopsies in 
the antrum seemed to confirm these results. 

Aoyama [5] reported a similar high correlation between 
an abnormal fine relief pattern and the histologic find- 
ings of 16 surgical specimens. He claimed a 98% corre- 
lation between the endoscopic diagnosis of atrophic 
gastritis and abnormalities of the areae gastricae. 

While the phenomenon described as état mamelonné 
[6] is undoubtedly caused by prominent areae gastricae, 
it is uncertain whether this always represents a normal 
variant, as claimed by Stone and Keats [7] and others, or 
whether an underlying diffuse atrophic gastritis is pres- 
ent. It may depend on the histologic criteria used to 
establish the diagnosis of atrophic gastritis. 

Focal absence or obliteration of the areae has been 
observed as a manifestation of superficial spreading 
carcinoma limited to the mucosa. In 1966 Saito et al. [8] 
emphasized the role of the fine relief pattern in the 
detection of early gastric cancer. 

Since the advent of air-contrast technique, it has been 
recognized as the best method of demonstrating this 
anatomic feature, although Aoyama [5] states that, in 
some instances, graded compression may demonstrate 
the areae gastricae when air-contrast has failed. Regard- 
less of the method used, the demonstration of the 
micromucosal pattern may be used as a benchmark of 
good technique. 

Working with pigs’ stomachs, Macintosh and Kreel [9] 
demonstrated that barium lies on top of the mucus and 
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may not penetrate into the furrows surrounding the 
areae gastricae. In this circumstance, a characteristic 
wavy pattern is shown rather than the typical network of 
areae gastricae. Thus when the mucus layer is thick, the 
thin barium coating does not outline the areae gastricae, 
but the layer of mucus. A thin mucus layer better con- 
forms to the micromucosal pattern and permits delinea- 
tion of it by a good air-contrast technique. 

Studying clinical material, Macintosh and Kreel [9] 
found that the probability of obtaining a good micromu- 
cosal pattern was greater in duodenal ulcer patients than 
in normals. Thus when mucus is deficient, the areae 
gastricae are well demonstrated and the incidence of 
duodenal ulcer is high, while it is more difficult to show 
the areae gastricae when the mucous layer is thick. In 
the latter patients the incidence of duodenal ulcer is low. 
This is in keeping with the experimental work on rats, 
which shows that drugs which increase mucus secretion 
(e.g., carbenoxolone) exert a beneficial effect on ulcer 
healing, while steroids, which inhibit mucus production, 
enhance the development of ulcers. 

Thus the demonstration of the areae gastricae or 
micromucosal pattern is not only a desirable objective as 
a benchmark of good technique, but may be a guide to 
the physiologic status of the gastric mucosa as well as a 
helpful sign of pathologic alterations. 

William B. Seaman 
Columbia-Presbyterian Medical Center 
New York, New York 10032 
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Letters 


Radiographs in Cervical Spine Trauma 


The April 1978 issue of AJR contains an interesting article by 
Miller et al. [1] regarding cervical spine trauma. Two-thirds of 
399 patients with cervical spine fractures or dislocations had 
two or more separate radiologically identifiable injuries, many 
of which would have been missed on “routine” five-film cervical 
spine examinations. Most of these patients were neurologically 
intact. The high incidence of initially undetected vertebral arch 
fractures, particularly isolated pillar fractures, led the authors 
to modify their routine examination of patients suspected of 
cervical spine trauma. Six initial films are taken in the supine 
position (anteroposterior with cranial angulation, anteroposte- 
rior with posterior angulation (pillar view), two obliques, open 
mouth, and lateral). “Even if the screening examination is 
negative, the patient is not released until erect oblique and 
lateral views in neutral, flexion, and extension have been re- 
viewed. If there is clinical evidence or history to suggest hyper- 
extension as the mechanism of injury, anteroposterior or pos- 
teroanterior as well as both oblique vertebral arch views are 
obtained.” This represents a total of 15 specific radiographs to 
be obtained on a substantial number of persons with suspected 
cervical spine trauma: a time-consuming and expensive exami- 
nation. The work of Miller and his colleagues makes it appear 
likely that many radiologists are failing to identify isolated 
postraumatic fractures of the cervical vertebral arch. Except 
where there is a very high index of suspicion, our department 
presently obtains only three films in the posttraumatic cervical 
spine examination. | am personally unaware of any such pa- 
tients returning with the sequela of radiologically missed frac- 
tures, although this certainly may have occurred. 

Many physicians, and certainly most radiologists, are aware 
that posttraumatic skull radiographs have an extremely low 
yield of fractures or other abnormalities unless specific clinical 
findings are present [2]. In children, the presence of a skull 
fracture alone, without associated clinical abnormalities of the 
sensorium or the central nervous system, is of little significance 
other than being confirmatory evidence that a force was indeed 
applied to the skull [3, 4]. Most authorities agree that in both 
children and adults, the extent of injury to the brain and other 
cranial contents is the main consideration in head trauma, and 
the presence or absence of a fracture alone, without clinical 
abnormalities of the sensorium or central nervous system, 
seldom affects treatment. It is conceivable that subtle vertebral 
fractures missed on routine views of the cervical spine and 
occurring in patients without abnormal neurologic findings, or 
as yet to be defined high-yield clinical findings, may correspond 
to most posttraumatic fractures of the cranial vault and be 
clinically insignificant. My meager experience, and perhaps that 
of other readers, suggests this possibility. 

It would be interesting to know how often additional views 
identify cervical fractures missed on standard examinations, 
how often treatment in sucl®patients is thereby changed, and, 
most important, whether such treatment, over and above nor- 
mal symptomatic measures such as a neck collar, significantly 
affects the patient's clinical course. A prospective study to 
answer these questions would be similar to that done by Bell 


and Loop [2] in skull trauma. The results might affect our 
radiologic approach to cervical spine trauma. 

Ferris M. Hall 

Harvard Medical School 

Beth Israel Hospital 

Boston, Massachusetts 02215 
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Reply 


We certainly agree that radiographic examination of the 
posttraumatic cervical spine and skull is an extremely low yield 
procedure unless there is careful screening by the referring 
physician. We also agree that the complete examination rec- 
ommended in our article is, as Hall says, “time consuming and 
expensive.” Our philosophy is that screening of patients should 
be done before they enter the radiology department. While the 
three-fi m posttraumatic cervical spine examination referred to 
by Hal! may be adequate for the detection of the majority of 
unstable cervical spine fractures, a significant number of inju- 
ries wil still be missed. It should not be used as a screening 
procedure. 

Patients with persistent pain or even an evolving neurologic 
deficit may not return to the hospital at which they were initially 
examined for follow-up care. Some will go elsewhere; others 
will learn to live with their disability. Even if a patient returns to 
the same institution where he was initially treated, he may not 
see the same physician. Without good follow-up it is not 
possible to evaluate the three-film posttraumatic cervical spine 
examination. As Hall suggested, a prospective study would be 
very desirable. 

In contrast to Hall’s experience, we have been fortunate in 
obtaining follow-up on many patients who returned to our 
orthopedic surgical clinic for evaluation of persistent neck pain 
after a normal posttraumatic cervical spine examination in the 
emergency room. Many of these patients returned 6 months or 
more after the initial injury. As mentioned in our article, the 
majority of our isolated pillar injuries were not discovered until 
this repeat examination. These patients led us to develop our 
full initial examination techniques. Undoubtedly there were 
many other patients who never returned or went elsewhere for 
follow-up care. 
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Pain can be as disabling as an objective neurologic deficit. If 
the referring physician has a high suspicion regarding possible 
injury to the cervical spine, we feel a complete examination 
should be performed so that treatment can be initiated immedi- 
ately. 

Michael D. Miller 

Oliver P. Charlton 

Duke University Medical Center 
Durham, North Carolina 27710 


intraluminal Duodenal Diverticulum 


| write in regard to the case report by Shenoy et al. [1] of 
intraluminal duodenal diverticulum in the November issue of 
AJR. Having published on this subject with the eminent em- 
bryologist E. A. Boyden, | believe the authors have incorrectly 
identified the diverticulum in their patient as being intraluminal. 
The features indicate it was intramural. At no time did any of the 
barium studies reveal the subsequently filled sac to lie within 
the lumen of the duodenum. In fact, the only filling obtained 
was during the time of endoscopic pancreatography. 

It would seem from figure 1A that the duodenum was com- 
pressed along its medial aspect by the diverticulum which was 
subsequently filled endoscopically. One would not expect to 
have a defect or extrinsic depression along the medial wall of 
the barium-filled duodenum if the diverticulum were intralumi- 
nal. An unfilled intraluminal diverticulum should produce a 
negative defect within the center of the barium filled duodenum. 
It would seem from the findings as they are presented that the 
diverticulum was within or adjacent to and compressing the 
medial wall of the duodenum and was not intraluminal. 

Norman Heilbrun 
General Medical Towers 
Buffalo, New York 14203 
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Reply 


We agree with Dr. Heilburn that the defect in the duodenum 
is intramural. Whether this is called an intramural or intralumi- 
nal diverticulum is a matter of semantics. Although the exact 
etiology of this entity is not known, we believe that this type of 
diverticulum begins in the intramural location and when it 
grows in size comes to occupy an intraluminal location. 

S.S. Shenoy 

Gordon J. Culver 

M. V. Ali 

Buffalo General Hospital 
Buffalo, New York 14203 


Biliary Duct Ultrasound 


In the article by Neiman and Mintzer on the accuracy of biliary 
duct ultrasound and cholangiography [1], figure 3 purports to 
show a correlation between the ultrasound image and the 
percutaneous cholangiogram. In fact, the structure indicated 
on the sonogram is the anterior wall of the antrum of the 
stomach. The posterior wall of the antrum of the stomach is 
about 1.3 cm deep to that, and these two walls can be seen to 
join just medial to the common bile duct which is not labeled. 
The echoes seen between the anterior and posterior walls 
originate from the mucosa of the antrum of the stomach [2, 3]. 

Peter L. Cooperberg 
Vancouver General Hospital 
Vancouver, B.C., Canada V5Z 1M9 
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1979 ARRS Meeting 


Advance information of the 79th annual meeting of the 
American Roentgen Ray Society appears on page 180 


of the July issue. 





Abstracts of Current Literature 


Chest 


Natural history and treated course of usual and desquamative 
interstitial pneumonia. Carrington CB, Gaensler EA, Coutu RE, 
FitzGerald Mx, Gupta RG (E. A. Gaensler, Boston University 
School of Medicine, 80 East Concord Street, Boston, Massa- 
chusetts 027 18). N Engl J Med 298 :801-809, April 13, 1978 


This paper reviews a 24-year experience in the diagnosis and 
treatment of interstitial pneumonia. The authors have collected 
1,234 patients with chronic interstitial lung diseases; 130 of 
these had long-term follow-up, physiological tests, and biopsies 
which could be classified as usual interstitial pneumonia or 
desquamative interstitial pneumonia. The patients with desqua- 
mative pneumonia were somewhat younger but otherwise the 
groups were similar. None of the patients were characterized as 
having lymphocytic interstitial pneumonia. Patients with inter- 
stitial pneumonia of either type were found to have fine crack- 
ling rales on physical examination, impaired gas exchange 
which worsened with exercise, and linear or irregular markings 
on their chest radiographs. Only from the biopsies could the 
two conditionsbe distinguished. This distinction was important, 
however, beceuse of the major impact of the lung histology 
upon the patients prognosis. Patients with desquamative pneu- 
monia lived longer than those with the usual form of the disease 
and the prognosis of the desquamative patients was improved 
further with corticosteroid therapy. This paper brings together 
an immense experience with this unusual form of pulmonary 
disease. It is important principally because of the number of 
cases the authers have examined and treated. 

David C. Dale 
Department of Medicine 
University of Washington 


Localized mesothelioma of the pleura. Benign and malignant 
variants. Okike N, Bernatz PE, Woolner LB (Mayo Clinic, 
Rochester, Minnesota 55901). J Thorac Cardiovasc Surg 
75 :363-372, March 1978 


Diffuse pleural mesothelioma is a malignant tumor with a 
uniformly poor prognosis. In contrast, localized pleural meso- 
thelioma has long been considered a benign lesion. This study 
questions this long-held belief. During a 24-year period, 60 
patients had surgical resection of a localized pleural mesothe- 
lioma. On histologic grounds, 52 were classified benign and 
eight were classified as malignant. Only two patients with 
benign tumors experienced a local recurrence following surgery 
and the surviva of patients with benign lesions was identical to 
that of the general population. All eight patients with the 
malignant form of localized mesothelioma developed recur- 
rence or metastasis. and all but one were dead within 2 years of 
operation. 

Clinically, no single feature allowed a preoperative prediction 
of malignancy, but extrathoracic osteoarthropathy was associ- 
ated only with benign tumors. Hypertrophic osteoarthropathy 
occurred in 10-cf 52 patients with benign lesions, usually those 
greater than 7 cm in diameter. Of the 52 benign tumors, 29 
originated from the visceral pleura and 17 of these were pedun- 
culated: three of nine parietal pleural lesions were also pedun- 
culated, exhibiting changes in position on serial radiographs. In 
eight patients, tumors were located within the lung and three 
arose from a major fissure. 1 49 of the 52 patients with benign 
lesions, a solitary mass ranging from 1-29 cm in diameter 
(average 5.9 cm) was visible radiographically. In three a large 
pleural effusion obscured the tumor. 
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Six of the eight patients with localized malignant mesothe- 
lioma showed solitary, circumscribed lesions. Pleural effusion 
obscured the mass in two. Rib erosion was seen in ‘wo patients 
whose lesions had invaded the chest wall; this was the only 
radiographic feature distinguishing benign and malignant tu- 
mors. 

W. Richard Webb 


Radiation pneumonitis complicated by Pneumocystis carinii. 
Richards MJS, Wara WM (Radiation Oncology, St. Mary's Hos- 
pital. 2315 North Lake Drive, Milwaukee, Wisconsin 53211). /nt 
J Radiat Oncol Biol Phys 4:287-291, March-April, 1978 


Two new case histories of patients with documented fatal 
Pneumocystis carinii pneumonitis after large volume pulmonary 
irradiation are combined with that of an additional third patient 
previously reported. These case histories suggest that the 
possibility of Pneumocystis carinii pneumonitis should be con- 
sidered in patignts who were thought to have radiation pneu- 
monitis and who (1) fail to respond to appropriate management, 
(2) develop such symptoms at a time which is atypically early for 
the appearance of radiation pneumonitis, or (3) develop pulmo- 
nary symptoms following unusually low biologic dcse-fraction- 
ation schedules. The authors suggest that perhaps even pa- 
tients with lymphopenia who have had large volume lung 
irradiation should be considered for prophylactic administration 
of sulfadiazine and pyrimethamine. 

Herbert C. Berry 


Cardiovascular 


Right posterior oblique: the projection of choice in aortogra- 
phy of hypertensive patients. Gerlock AJ, Goncnarenko V, 
Sloan OP (Vanderbilt University Hospital, Nashville, Tennessee 
37232). Radiology 127 :45-48, April 1978 


The most common cause of renal artery stenosis is athero- 
sclerosis. Atheromatous plaques usually occur near the origin 
of one or both renal arteries. A total of 692 patients (262 men 
and 430 women) underwent abdominal aortography for evalua- 
tion of renovascular disease. Single anteroposterior projections 
demonstrated origins of both renal arteries in 157 patients or 
22 6% øf those studied. The right posterior oblique projection 
demonstrated the origin of both renal arteries in 410 patients or 
59%. The right posterooblique was found to be the single most 
informative aor-ographic projection. The authors conclude that 
in 59% of the cases origin of the right renal artery is anteriorly 
situated while the origin of the left renal artery is more posterior. 

Asher Nov 


The abdominal aorta in spina bifida cystica. Watt |, Park WM 
(Division of Raciology, Institute of Orthopaedics, Rcbert Jones 
and Agmes Hunt Orthopaedic Hospital, Oswestry, Shropshire, 
England). Clin Radiol 29:63-68, Jan 1978 


The features of abdominal aortography in a smal group of 
severely affected children with spina bifida cystica and kyphosis 
are presented. The examination was done prior to spinal fusion 
as earlier surgical reports had indicated a close relationship 
between the aorta and the vertebral bodies forming the apex of 
the kyphosis. The abdominal aorta was shown to bridge the 
apex of the kyphosis, thus it was outside the field of surgery 
and was not a potential hazard. Three vascular abnormalities 
emerged. First, the position of the aortic bifurcation, as judged 
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by the vertebral level, was shown to be rather lower than usual, 
although lumbar kyphosis masked a relative aortic shortening. 
Second, the aorta was abnormally small in caliber with hypo- 
plastic limb vessels. Third, abnormal segmentation of lumbar 
arteries was found in four of the eight in whom they were 
visualized, and correlates with the presence of vertebral body 
maldevelopment as opposed to neural arch maldevelopment. 
The possible pathogenic significance is discussed. 


Author Abstract 


Plain film findings of anatomically corrected malposition: its 
association with juxtaposition of the atrial appendages and 
right aortic arch. Bream PR, Elliott LP, Bargeron LM Jr (Division 
of Cardiac Radiology, University of Alabama Medical Center, 
619 South 19th Street, Birmingham, Alabama 35233). Radiology 
126 : 589-595, March 1978 


Three cases of anatomically corrected malposition of the 
great arteries (ACM) are presented. The association of ACM 
with juxtaposition of the atrial appendages and right aortic arch 
is emphasized. The unique plain film findings of anatomically 
corrected malposition include: (a) 1-position of the ascending 
aorta; (b) discrete convexity of the mid-left heart border in 
association with findings of an abnormal right atrial border (left 
juxtaposition of the atrial appendages); and (c) right aortic arch. 
This unusual combination of findings on the postero-anterior 
chest should lead to a high degree of suspicion in regard to the 
diagnosis of anatomically corrected malposition. 


Author Abstract 


Apex echocardiography. A two-dimensional technique for 
evaluating congenital heart disease. Silverman NH, Schiller 
NB (1403-HSE, University of California, San Francisco, Califor- 
nia 94143). Circulation 57 :503-511, March 1978 (by permission 
American Heart Association) 


We have evaluated apex echocardiography, using an 80 
degree phased array sector scanner, in 368 patients with con- 
genital heart disease. With the patient lying with the left side 
dependent, the transducer is placed over the apex of the heart 
and cross-sectional images are obtained in the plane perpendic- 
ular to the cardiac septa and through the orifices of the mitral 
and tricuspid valves. In this view, the chambers are side by side 
and both atria and ventricles are separated by their respective 
septa and atrioventricular valves. Defects in the region of the 
septa can be detected. Congenital defects involving the atrio- 
ventricular valves, such as endocardial cushion defects. tricus- 
pid atresia, and Ebstein’s anomaly, can be defined. The location 
of the baffle after Mustard's operation for aortopulmonary 
transposition and intraatrial structures, such as the membrane 
in cor triatriatum, can be seen. The position of the apex of the 
heart can be located in dextro, levo, or mesocardia by definition 
of the apex image. The relative size of the cardiac chambers 
can be compared. The localized thickness of the ventricular 
septum can be identified with the apex image. We have found 
this technique to be valuable in patients with congenital heart 
disease who are undergoing cross-sectional echocardiography. 


Author Abstract 


Renovascular hypertension as a complication of umbilical 
arterial catheterization. Merten DF, Vogel JM, Adelman RD, 
Goetzman BW, Bogren HG (P. O. Box 3808, Duke University 
Medical Center, Durham, North Carolina 27710). Radiology 
126: 751-757, March 1978 


Renovascular hypertension (RVH) in the neonatal period is 
frequently associated with thromboembolic complications of 
umbilical artery catheterization. Seven newborn infants with 
RVH were studied by angiography and/or radionuclide exami- 
nation. Aortography and, in one case, selective angiography 
showed variable degrees of renal artery occlusion or attenua- 
tion. Thromboembolic defects were frequently present in other 
vessels. Radionuclide flow studies, renograms, and computer 
analysis of data (ADAC) demonstrated defects in renal function. 
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indicative of renal ischemia. There was a high degree of corre- 
lation between angiographic and radionuclide studies. Suc- 
cessful medical management suggests a more conservative 
alternative to nephrectomy in the hypertensive newborn. 


Author Abstract 


Malignant hepatic tumors in infancy and childhood: special 
attention to their angiographic appearances. Takahashi M, 
Numaguchi Y, Kishikawa T, Akaboshi K, Tsukamoto Y, Ikeda J, 
Matsuura K (Faculty of Medicine, Kyushu University, Fukuoka, 
Japan). Jpn J Clin Radiol 23:79-86, Jan 1978 


Celiac and superior mesenteric angiography was performed 
in seven cases of malignant hepatic tumors: five cases of 
hepatoblastomas, one malignant mesodermal tumor, and one 
malignant embryonic tumor. Angiograms revealed displace- 
ment, stretching, hypertrophy, and encasement of hepatic arter- 
ies and their branches. Tumor stains and tumor vessels were 
also demonstrated except in a case of malignant embryonic 
tumor. Four cases were considered to be well defined masses 
and these masses were extirpated totally. The authors stressed 
the value of angiography in the preoperative evaluation of 
hepatic tumors in infancy and childhood. 


Hozumi Arii 


Gastrointestinal 


Disseminated histoplasmosis producing hypertrophic gastric 
folds. Fisher JR, Sanowski RA (Phoenix Indian Medical Center, 
4212 North 16th Street, Phoenix, Arizona 85016). Am J Dig Dis 
23 : 282-285, March 1978 


When disseminated, histoplasmosis can involve any portion 
of the gastrointestinal tract but stomach involvement is reported 
to be rare. The authors present a case in which disseminated 
histoplasmosis was accompanied by gastric involvement. Hy- 
pertrophic gastric rugae in the fundus and the body of the 
stomach were evident on the upper gastrointestinal series. 
Upper endoscopy demonstrated enlarged, reddened gastric 
folds without ulcerations. Biopsies showed H. capsulatum in 
the gastric wall. This patient is reported as the first case of 
histoplasmosis involving the stomach and causing giant rugae. 


Charles A. Rohrmann, Jr. 


Percutaneous transhepatic drainage of the biliary tract: tech- 
nique and results in 104 cases. Nakayama T, Ikeda A, Okuda K 
(K. Okuda, Professor of Medicine, Chiba University Hospital, 
Chiba (280) Japan). Gastroenterology 74:554-559, 1978 


Percutaneous transhepatic drainage of the biliary tract was 
attempted in 105 patients with obstructive jaundice between 
1968 and 1976. Successful drainage was obtained in 104 pa- 
tients. There were 84 cases of malignancy, 17 cases of common 
duct stones, and four cases of benign stricture of the common 
bile duct. Some 68 patients subsequently underwent operation 
for their primary disease. A two-step procedure for percuta- 
neous transhepatic drainage is described utilizing first the 
Chiba technique for thin needle diagnostic cholangiography. 
Utilizing the diagnostic procedure to localize a bile duct suitable 
for puncture, catheterization of the biliary system is accom- 
plished utilizing a steel, 17 gauge needle, 16 cm long, with an 
internal stylus and bevel angle of 45 degrees. Following punc- 
ture of the bile duct, a curved tip guide wire is inserted through 
the needle which is followed by a polyethylene catheter with 
several side holes displaced into the biliary system. The authors 
describe and illustrate five drainage catheter positions including 
bilateral ductal drainage in 13 patients. 

Results are indicated with serum bilirubin which averaged 
20.4 mg/100 ml prior to the draina§e procedure, declining to an 
average of 10.8 mg/100 ml after 1 week and 4.1 mg/100 ml after 
1 month. A subgroup of 20 patients with malignant obstruction 
of the common bile duct was compared with 20 similar cases 
who had cholecystostomy tube drainage. There was no reported 
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difference in the speed of reduction in serum bilirubin levels 
between the two groups of patients. In 69 of the 104 patients 
who had percutaneous transhepatic drainage, surgery was 
undertaken with bilirubin levels averaging below 5 mg/100 ml. 
A comparison group of 148 patients was operated without prior 
decompression. In this group there were 36 operative deaths 
(28.3%). This compares with an operative and postoperative (1 
month) operative mortality of 8.2% in the group having prior 
drainage procedures. In the nondrained group, the operative 
mortality was particularly high in patients with serum bilirubin 
greater than 10 mg/100 ml. 

Drainage was continued without surgery until death in 21 
patients. Im none was the drainage abandoned because of 
technical failure. It was effective for more than 3 months in 15 
patients. The longest drainage was 2 years and 1 month in a 
man with hilar bile duct carcinoma. In nine cases of acute 
obstructive suppurative cholangitis and two cases of liver ab- 
scess, marked improvement was obtained with percutaneous 
transhepatic drainage. Indications for such drainage are: (1) the 
first step in preparing a patient for reconstructive or other major 
surgery for biliary obstruction; (2) for continuous drainage in 
the treatment of inoperable bile duct obstruction; (3) in debili- 
tated patients with surgical jaundice or in patients with marked 
hepatic dysfunction secondary to obstructive jaundice; and (4) 
in patients in shock with ascending cholangitis, sepsis, and 
endotoxemia. 

Major complications occurred in five patients but none were 
fatal. Bile leakage was noted in two. Pneumothorax developed 
in two. Intraabdominal bleeding was suspected in one patient. 
Less severe complications included transient hypotension (7) 
and hemobilia (4). 

Charles A. Rohrmann, Jr. 


X-ray diagnosis of esophageal cancer. Yamada H, Takasugi T, 
Abe S, Mitsushima T, Kimura T, Moriyama N, Ushio K, Okazaki 
M, Matsue H, Sasagawa D, Ichikawa H, lizuka N, Abe M, 
Kitagawa T (National Cancer Center, Tokyo, Japan). Jpn J Clin 
Radiol 23:15-24, Jan 1978 


Radiological diagnosis of esophageal carcinoma was dis- 
cussed with special reference to classification and irradiation 
effect. Borrmann’s classification, a macroscopic classification 
of gastric cancer, was applied to the macroscopic and radiolog- 
ical classification of esophageal cancer. When evaluating the 
effect of radiotherapy, it was not correlated with ordinary 
classification, but was correlated to some extent to Borrmann’'s 
classification. Borrmann’s classification is now employed with 
carcinoma of the large bowel as well as gastric cancer. If it is 
applied to esophageal cancer, macroscopic classification for 
the cancer of the digestive tracts can be systematized and it will 
be convenient in clinical study. 

Hozumi Arii 


Benefit-risk analysis for mass screening of stomach cancer in 
Japan. 1. Life saving versus loss of life. linuma TA, Tateno Y, 
Hashizume T, Umegaki Y, Kitabatake T (National Institute of 
Radiologica! Sciences, Anagawa, Chiba-shi, Japan). Nippon 
Acta Radiol 37: 1109-1121, Dec 1977 


Gastric cancer is a major cause of death in Japan and mass 
screening of gastric cancer by barium study is widely performed 
throughout Japan. The hazard of radiation should be empha- 
sized and balanced against the life saving potential of mass 
screening for stomach cancer. Statistical analysis shows more 
lives are saved by mass screening for gastric cancer than the 
incidence of radiation-induced cancer in the population over 40 
years old. Under age 40, there is expected to be more radiation- 
induced cancer than life saving value. Moreover, mass screen- 
ing of every 3 years is showa to be more efficient than annual 
screening in terms of life saving. It is concluded that mass 
screening of gastric cancer should be done for those over 40 
years old. 

Hozumi Arii 
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Acute upper gastrointestinal hemorrhage. New observations 
on an old problem. Graham DY, Davis RE (Department of 
Medicine, Baylor College of Medicine, 1200 Avenue, Houston, 
Texas 77030). Am J Dig Dis 23: 76-84, Jan 1978 


The authors relate their 2-year experience in which upper 
gastrointestinal endoscopy was used to evaluate 289 patients 
with acute upper gastrointestinal hemorrhage. A bleeding site 
was identified in 95% of cases and the diagnosis was estab- 
lished in 91%. The authors categorize the patients as primary 
(those admitted for upper gastrointestinal bleeding) and sec- 
ondary (those who developed acute upper gastrointestinal 
bleeding while in the hospital for another disorder). The patients 
were also categorized as to the magnitude of bleeding. The 
authors analyze the etiologies for bleeding within each group 
and report that with major bleeding, duodenal and gastric 
ulcerations were the most common etiology. The role of aspirin 
was evaluated in its relationship with the gastrointestinal bleed- 
ing and no difference was found in the frequency of ulcer and 
acute mucosa! lesions as sites of hemorrhage between patients 
who consumed aspirin and those who did not. A history of 
symptoms of peptic ulcer correlated with the presence of an 
ulcer as the bleeding site. Ethanol use was found to be associ- 
ated with bleeding from esophageal varices, ulcer disease, and 
Mallory-Weiss tears. The authors include a comprehensive re- 
view of the literature relating to acute upper gastrointestinal 
bleedimg by specific diagnosis and include 52 references. 


Charles A. Rohrmann, Jr. 


Endoscopic retrograde cholangiography in nonamebic liver 
abscesses. Ascione A, Elias E, Scott J, Sherlock 5 (Ospedale 
Cardarelli — XX Divisione, Sezione Epatologia, Naples, Italy). Am 
J Dig Dis 23:39-44, Jan 1978 


Two cases of nonamebic liver abscesses are reported where 
the diagnosis was suggested by a combination of nuclear liver 
scanning, ultrasonography, arteriography, and liver biopsy. The 
diagnosis was confirmed in both by endoscopic retrograde 
cholangiography which demonstrated intrahepatic extravasa- 
tion of contrast from the biliary tree, a characteristic of liver 
abscess. The authors emphasize the clinical nonspecificity of 
the signs anc symptoms of nonamebic liver abscess. Less 
invasive diagnostic techniques are often nonspecific in this 
entity amd the diagnosis depends upon cholangiographic defi- 
nition. Since biliary sepsis is one of the commonest predispos- 
ing causes of liver abscess, cholangiography should be per- 
formec to rule out a cause of cholangitis as well as to establish 
the diagnosis of liver abscess. For this purpose, endoscopic 
retrograde cholangiography is preferable to percutaneous chol- 
angiography when a risk of producing direct communication 
between the abscess and vascular system is present. The 
authors suggest that endoscopic retrograde cholangiography 
can also De used to determine the ease with which the abscess 
is spontaneously draining into the biliary system and thus 
predict the necessity for operative drainage. 


Charles A. Rohrmann, Jr. 


Gastric polyposis due to multiple hyperplastic adenomatous 
polyps. Weaver GA, Kleinman MS (Mary Imogene Bassett Hos- 
pital, Cooperstown, New York 13326). Am J Dig Dis 23:346- 
352, April 1978 


Four cases of gastric polyposis in which the multiple polyps 
were found to be hyperplastic adenomatous polyps are pre- 
sentec with radiologic, endoscopic, and histologic descrip- 
tions. The cases are patients in whom the polyps diffusely 
involve a specific region of the stomach. The polyps numbered 
five or more in all cases; in three there were more than 10 
polyps. Ulceration was a common endoscopic finding. The 
authors review the differentiation of hyperplastic from adeno- 
matous polyps noting that hyperplastic or regenerative polyps 
have a very small malignant potential which is not the case with 
adenomatous polyps, also known as papillary adenomas. The 
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authors note the differential diagnosis for multiple polypoid 
lesions in the stomach: multiple papillary adenomatous polyps, 
familial polyposis, hamartomatous polyps (Peutz-Jeghers), and 
heterotopic adenomatous polyps composed of pancreatic tissue 
or Brunner’s gland. Papillary adenomatous polyps may be 
differentiated from hyperplastic polyps by biopsy since the 
hyperplastic polyps are composed of true gastric mucosa 
whereas papillary adenomas show abnormal nuclear architec- 
ture and irregular villous formation. Inflammatory cell infiltra- 
tion is more common with hyperplastic adenomatous polyps. 
The tendency for papillary adenomatous polyps to occur multi- 
ply is less than that for hyperplastic polyps. 


Charles A. Rohrmann, Jr. 


Transpyloric extension of gastric carcinoma. Menuck L (Palo- 
mar Hospital, Escondido, California 92025). Am J Dig Dis 
23 : 269-274, March 1978 


The author reports transpyloric extension of gastric carci- 
noma in 17 of 88 patients with gastric carcinoma. In 10 of the 17 
cases this was a microscopic phenomenon, but in seven pa- 
tients gross changes were seen in the duodenum and these 
were reflected on the upper gastrointestinal series. Two meth- 
ods of transpyloric extension are proposed. The gastric lym- 
phatics cross the pylorus and drain towards the duodenal bulb. 
In the infiltrating types of gastric carcinoma, there is contig- 
uous submucosal infiltration with direct extension into the 
pyloric submucosa. 

The radiographic findings associated with transpyloric exten- 
sion of gastric carcinoma are varied. Malignant characteristics 
of mucosal destruction with prominent, abnormal folds are seen 
to involve the antrum and extend to the duodenal bulb. Within 
the bulb, filling defects with abnormal folds or ulceration were 
evident. The pylorus is often widely patent, the lesion tending 
not to obstruct the channel. The differentiation of gastric 
carcinoma with transpyloric extension can be distinguished 
from gastric lymphoma by evaluating the extent of the lesion, 
lymphomatous infiltrations tending to be of greater length with 
concentric involvement, a bizarre fold pattern with large sub- 
mucosal nodularity, multiple areas of ulceration, and a lack of 
luminal narrowing. Infiltrating antral carcinoma, by contrast, 
involves a shorter length of stomach, causes greater luminal 
narrowing, and less nodularity, and shows more mucosal de- 
struction. The author summarizes that while a greater percent- 
age of cases of gastric lymphoma (20%-25%) shows gross 
transpyloric extension than gastric carcinoma (5%-10%) in total 
numbers, gastric carcinoma will more frequently demonstrate 
gross transpyloric extension as it is at least 20 times more 
common than gastric lymphoma. 

Charles A. Rohrmann, Jr. 


Genitourinary 


Computed tomography in renal transplant problems. Kittredge 
RD, Brensilver J, Pierce JC (St. Luke’s Hospital Center, Amster- 
dam Avenue at 114th Street, New York, New York 10025). 
Radiology 127: 165-169, April 1978 


Nineteen patients were studied with computed tomography 
immediately after kidney transplantation and subsequently if 
declining renal function was noted. Abscess formation, hema- 
toma and lymphocele were satisfactorily demonstrated. Of 8 
diagnosed abnormal densities, 5 were proved correct (abscess 
2; serous collection and old blood 1; lymphocele 1; and hema- 
toma (fresh) 1). Two were not proved but abnormalities resolved 
on medical therapy. There was one incorrect diagnosis: what 
was thought to be an abnormal fluid collection was really a 
markedly enlarged edematous rejected kidney. Computed to- 
mography represents an excellent method of following the 
course of therapy, whether surgical or conservative. 


Author Abstract 


Musculoskeletal 


Sacral agenesis: a classification and review of 23 cases. 
Renshaw TS (Newington Children’s Hospital, Newington, Con- 
necticut 06111). J Bone Joint Surg [Am] 60:373-383, April 1978 


A succinct compilation of the suspected causes in patterns of 
sacral agenesis is presented along with a suggested classifica- 
tion for these anomalies in conjunction with excellent figures 
for demonstration. The various types of neurologic deficits 
associated with the four different types of sacral agenesis 
patterns are identified, and the suggested protocol of treatment 
is presented. Since this particular entity is still quite unusual 
this article presents the first attempt to classify the different 
types of anomalies and represents an excellent baseline for the 
radiologist who encounters such a problem. If future cases 
present themselves, certainly the formulation of the different 
types could be altered slightly, but this author's efforts are well 
worth reading for the pediatric radiologist and for radiologists 
who do find this anomaly in their practice. 

Gerald R. Smith 


Radiographic findings in the hands in patients with systemic 
lupus erythematosus. Weissman BN, Rappoport AS, Sosman 
JL, Schur PH (Harvard Medical School, 25 Shattuck Street, 
Boston, Massachusetts 02115). Radiology 126:313-317, Feb 
1978 


Fifty-nine patients are presented who underwent posteroan- 
terior and oblique radiographs of the hands. Of these, 25 were 
normal while 34 patients had one or more abnormalities noted. 
Abnormalities included: articular demineralization, 16; soft tis- 
sue swelling, 13; acrosclerosis, 10; alignment abnormalities, 
seven; soft tissue calcification, five; resorption of terminal tufts, 
three; avascular necrosis, two; and erosion and cartilage loss in 
one patient.The most common findings were periarticular de- 
mineralization and soft tissue swelling. Deformity without ero- 
sion was commonly seen at the proximal interphalangeal joints. 
Other deformities noted were hyperextension at the interphalan- 
geal joint of the thumb, swan neck deformity, ulnar deviation, 
and subluxation of the metacarpophalangeal articulations. 

Radiographic abnormalities of the hand in systemic lupus 
erythematosus were noted to be more common in patients with 
late onset of the disease or in those in whom a prolonged 
course had been present (6 years and over). Deformity without 
an associated articular erosion should raise the possibility of 
systemic lupus erythematosus. 

Asher Nov 


Radiological and pathological manifestations of osteochondri- 
tis dissecans of the distal femur. Milgram JW (Department of 
Orthopaedic Surgery, Northwestern University Medical School, 
303 East Chicago Avenue, Chicago, Illinois 60611). Radiology 
126 :305-311, Feb 1978 


The specimens from 50 operated cases of osteochondritis 
dissecans of the distal femur were analyzed histopathologically. 
Radiodensity of the specimens of osteochondritis dissecans 
was due to (a) attached subchondral bone, (b) degenerative 
secondary calcification of articular cartilage, (c) revasculariza- 
tion with new bone, and, in the free bodies, (d) calcification in 
new surface layers of cartilage and bone. The pathological 
findings in the specimens suggested an etiology from trauma 
rather than avascular necrosis. Half of the specimens of osteo- 
chondritis dissecans contained no subchondral bone but only 
articular cartilage. It was postulated that the relationship of the 
attached lesions to the intercondylar notch of the femur, which 
permitted a partially retained blood supply, created a spectrum 
of different histopathological charges in the subchondral bone 
of those specimens with attached bone. 


Author Abstract 
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HLA-B27-negative sacroiliitis: a manifestation of familial Med- 
iterranear fever in childhood. Lehman TJ, Hanson V, Kornreich 
H, Peters RS, Schwabe AD (Division of Rheumatology, Chil- 
dren's Hospital of Los Angeles, 4650 Sunset Boulevard, Los 
Angeles, California 90027). Pediatrics 61 :423-426, 1978 


Two 10-year old Armenian males with familial Mediterranean 
fever were found to have radiographic evidence of sacroiliitis. 
HLA-B27 was absent. Biopsy of the sacroiliac joint in one of the 
patients showed a nonspecific chronic periarthritis, fibrosis, 
and osteoporosis. Familial Mediterranean fever occurs usually 
in persons of Mediterranean extraction and is inherited as an 
autosoma! recessive trait. The condition is characterized by 
recurrent “ever with peritonitis, pleuritis, arthritis, or erysipeloid 
erythema. Sacroiliitis has been reported in 17% of adults with 
the disease. The absence of HLA-B27 may help to differentiate 
this form of sacroiliitis from that due to Reiter's syndrome, 
inflammatory bowel disease, and psoriasis. 

B. J. Wood 


The radiological changes in infections of the spine and their 
diagnostic value. Allan EH, Cosgrove D, Millard FJC (Royal 
National Orthopaedic Hospital, London, England). Clin Radiol 
29:31-40, Jan 1978 


This study describes the early radiologic changes which 
occur in infections of the spine, by examination of the initial 
radiographs in 45 patients with proven spinal infection. The 
most common radiological change in infection of the spine was 
a symmetrical lesion involving the adjacent surfaces of two 
vertebrae, with a variable degree of reduction in height of the 
disc space. A paravertebral abscess was a common associated 
finding. No radiologic pattern was completely reliable in distin- 
guishing tuberculous from nontuberculous infections, but in 
white patients the formation of new bone strongly suggested a 
pyogenic lesion. The presence or absence of a paravertebral 
abscess was not helpful in distinguishing the variety of infec- 
tion. 

Author Abstract 


Nervous System 


Angiographic diagnosis of brain abscess. Odani R, Takahashi 
M, Tamakawa Y, Kowada M, Kawakami K (Akita University 
School of Medicine, Akita, Japan). Jon J Clin Radiol 23:61-66, 
Jan 1978 


Cerebral angiograms of 17 cases of brain abscess were 
retrospectively analyzed together with other neuroradiologic 
examinations. Although vasoconstriction and vasodilatation 
were observed in only four cases, they were regarded as a 
diagnostic finding when combined with commonly observed 
haloformation and vascular displacements. Vasoconstriction 
and vasodilatation were not usually demonstrated in brain 
tumors. The degree of vascular displacements in brain abscess 
was frequently marked in comparison with abnormal uptake on 
brain scars. This latter finding was frequently helpful in differ- 
entiation from cerebral metastasis. Careful analysis of angio- 
grams usually leads to a correct diagnosis of brain abscess in a 
high percentage of cases. 

Hozumi Arii 


Development and evaluation of a new water-soluble iodinated 
myelographic contrast medium with markedly reduced convul- 
sive effects. Hilal SK, Dauth GW, Hess KH, Gilman S (Neurolog- 
ical Institute, 710 West 168th Street, New York, New York 
10032). Radiology 126:417-422, Feb 1978 


Methylglucamine iothalamate, methylglucamine iocarmate, 
metrizamide, and P-297 were compared for convulsive property 
in the primate, macaca mufatta. All contrast media were ad- 
justed for iodine content of 280 mg/cc. Primates were used 
without anesthesia or sedation. The present experiment and 


previously noted findings show that convulsions are related to 
the neurotoxic properties of the contrast medium molecule 
rather than to osmotic effect. Correlation studies of newrotox- 
icity and lipid solubility indicated that a safer contrast agent 
would be one with the addition of hydrophilic substituents. In 
the newly synthesized contrast agent P-297, the aqueous solu- 
tion contains more than 40% iodine. A hydrophilic N-hydroxy- 
ethyl carbamyl group has been substituted for the acetamido 
group in the three position on the benzene ring of metrizamide. 
It was found that hypertonic soluble contrast agents cause two 
opposing actions on corticospinal reflexes: (1) depressing ef- 
fect, due to hypertonicity; and (2) molecular neurotoxicity, 
which correlates with lipid solubility. P-297 showed a significant 
decrease in convulsive property. The authors suggest that this 
is due to its hydrophilic properties. 

Asher Nov 


A protocol for the use of contrast enhancement in cranial 
computed tomography. Latchaw RE, Gold LHA, Tourje EJ 
(University of Minnesota Hospitals, Box 292, Mayo Memorial 
Building, Minnesota 55455). Radiology 126:681-687, March 
1978 


On the basis of 3,800 CT scans the authors formalized a 
protocol for the use of contrast enhancement. Category | is 
enhanced scans only. Enhanced scans should be for: (7) most 
primary or secondary central nervous system tumors; (2 recur- 
rent tumor (not immediately following surgery); (3) nonspecific: 
headache, dizziness, seizures; (4) dementia, possible tumor. 

Category II consists of unenhanced scans only. The authors 
recommend unenhanced scans for: (1) follow-up in patients 
with hydrocephalus and atrophy; (2) dementia, for vemtricles 
and sulci only; (3) intracranial hemorrhage—trauma, sponta- 
neous, immediately following surgery, etc; (4) allergy to contrast 
media; (5) impaired renal function. 

Category III includes both unenhanced and enhanced scans. 
These are called for in cases of infarction, inflammatory condi- 
tions, aneurysms and arteriovenous malformations. Immedi- 
ately following surgery (hemorrhage and residual tumor) and in 
tumors of the brainstem, cerebellum, intra- and supsasellar 
regions, or cerebellopontine angle. 

The rationale to this protocol is that nonenhanced scans are 
less pathognomonic of their findings and give less information 
in differentiating benign from malignant lesions except when 
the question of an acute hemorrhage is considered. This type of 
protocol, though perhaps not formalized, is the practice of any 
neuroradiological service in which CT scanning is contrclled by 
a neuroradiologist with the specific examination tailored by the 
specific patient. 

Asher Nov 


Pediatric Radiology 


Essentia! fatty acids, prostaglandins, and respiratory distress 
syndrome of the newborn. Friedman Z, Demers LM (Depart- 
ment of Pediatrics, Milton S. Hershey Medical Center, Hershey, 
Pennsylvania 17033). Pediatrics 61 :341-347, 1978 


The lungs are a major metabolic site for the synthesis, 
release, and cegradation of prostaglandins. Prostaglandins of 
the E and F series exert a potent physiological effect on the 
smooth muscle of blood vessels and the tracheobronchial tree; 
prostaglandin E dilates while prostaglandin F constricts Thus, 
altered prostaglandin metabolism may contribute to the patho- 
physiology of respiratory distress syndrome. Twenty-one infants 
with respiratory distress syndrome and 10 age-and weight- 
matched controls were studied by analyzing their plasma for 
prostaglandins and their precursor essential fatty acids. The 
two groups showed no differences in the essential fatty acid 
prostaglandin precursors, dihomo-y-linolenic and arachidonic 
acids. During the acute phase of respiratory distress syndrome, 
plasma levels of the primary prostaglandins E and F are signifi- 
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cantly elevated compared with control values and the ratio of 
prostaglandin E to prostaglandin F significantly reduced. Pros- 
taglandins E and F returned to control values on recovery from 
the acute stage of the disease. Two infants with persistent 
patent ductus arteriosus had significantly elevated prostglandin 
E values in their plasma compared with controls. The elevated 
levels of circulating plasma prostaglandins E and F and the 
reversal of their ratio during the acute phase of this syndrome 
may have adverse pulmonary and multisystem effects. 


Author Abstract 


Esophageal foreign body: an uncommon cause of stridor. 
Tauscher JW (Hurley Medical Center, 6th Avenue and Begole 
Street, Flint, Michigan 48502). Pediatrics 61 :657-658, 1978 


A 14-month-old male presented with difficult and noisy 
breathing of 3 weeks duration. Further history disclosed an 
episode of coughing and choking while eating lunch, after 
which he seemed well, but refused solids. An x-ray showed a 
metallic spring in the cervical esophagus with anterior displace- 
ment of the trachea. Esophageal foreign bodies are a frequently 
overlooked cause of stridor. Surprisingly little swallowing diffi- 
culty may be present. Recognition is important to avoid serious 
complications of perforation and migration. Radiolucent as well 
as radiopaque foreign bodies must be considered and close 
inspection of the soft tissues may cause suspicion of this 
possibility with confirmation on barium studies. 

B. J. Wood 


Radiographic aspects of total parenteral nutrition during in- 
fancy. Effmann EL, Ablow RC, Touloukian RJ, Seashore JH (R. 
C. Ablow, Yale University School of Medicine, 333 Cedar Street, 
New Haven, Connecticut 06510). Radiology 127:195-201, April 
1978 


In a retrospective radiographic study the authors reviewed 
the position of 82 central venous catheters in 57 consecutive 
infants receiving total parenteral nutrition between 1972 and 
1976. Sixteen of the 82 catheters (19%) were initially not 
positioned within the superior vena cava and 11 (14%) migrated 
from a satisfactory position during therapy; peripheral edema, 
pleural effusion, and vascular thrombosis occurred more fre- 
quently in this group than in those infants with the catheter 
remaining in the superior vena cava. Unusual complications of 
interstitial pulmonary edema, hydrocephalus, and cardiac ar- 
rhythmia were noted in three different patients. An increased 
incidence of clinical complications is associated with catheter 
malposition or migration during total parenteral nutritional 
therapy. Radiographic monitoring with repositioning or removal 
of a malpositioned catheter may reduce the number of clinical 
complications. 

Author Abstract 


Ischemic colitis and stricture after hemolytic-uremic syn- 
drome. Sawaf H, Sharp MJ, Youn KJ, Jewell PA, Rabbani A (St. 
John Hospital, 22101 Moross Road, Detroit, Michigan 48236). 
Pediatrics 61:315-316, 1978 


A 26-month-old male presented with sudden onset of diarrhea 
with blood and mucus. A barium enema at that time showed a 
severe colitis with ‘‘thumbprinting’’. Shortly afterwards, he 
developed the hemolytic-uremic syndrome which was treated 
with multiple transfusions and heparin. The patient gradually 
improved but over the next 5 months had recurrent abdominal 
distention and diarrhea. A repeat barium enema showed steno- 
sis of the descending colon. At laparotomy, four stenotic areas 
were found in the proximal descending colon and resection of 
15 cm of bowel was necessary. There have been previous 
reports of barium enema evidence of ‘‘thumbprinting”’, irritabil- 
ity, and transient segmental narrowing in the colon in patients 
with the hemolytic-uremic syndrome but none previously with 
subsequent development of stenosis. 

B. J. Wood 


Conservative surgery for splenic injuries. Sherman NJ, Asch 
MJ (933 South Sunset Avenue, West Covina, California 91790). 
Pediatrics 61 :267-271, 1978 


Increased susceptibility of children to infection following 
splenectomy has been well recognized. Splenectomy for ab- 
dominal trauma with injury of the spleen is being reassessed 
and efforts are being made to avoid operation if possible and 
when surgery is essential, to salvage part or all of the spleen if 
feasible. The authors report six cases where surgery was indi- 
cated but where preservation of part or all of the injured spleen 
was possible. Partial resection, suturing of splenic lacerations, 
and/or ligation of the splenic artery were undertaken and found 
successful. 

B. J. Wood 


Miscellaneous 


Influence of age at first pregnancy on breast parenchymal 
pattern: a preliminary report. Andersson |, Andren L, Petters- 
son H (Malmö General Hospital, University of Lund, S-21401 
Malmo, Sweden). Radiology 126:675-676, March 1978 


Women were randomly selected from a mammographic 
screening project and divided into two groups. The first con- 
sisted of 640 women aged 50 years. The second group was 660 
women aged 60 years. The patients were classified according to 
breast parenchymal pattern as described by Wolfe. Age at first 
pregnancy was correlated with breast parenchymal pattern and 
cancer risk. It was found that cancer risk correlated with age of 
first full-term pregnancy. Women with first pregnancy before 
age 18 had one-third the risk of those with first pregnancy after 
age 35. Women with first pregnancy before age 18, showed 
high correlation with N: and P:. Those with first pregnancy at 
age 30 or after showed high correlation with P+ and DY paren- 
chymal patterns. 

Asher Nov 


Uitrasonics 


Gray scale ultrasound of the scrotum. Sample WF, Gottesman 
JE, Skinner DG, Ehrlich RM (Center for the Health Sciences, 
UCLA, Los Angeles, California 90024). Radiology 127 : 225-228, 
April 1978 


Clinical differentiation of the various pathological conditions 
which affect the scrotal contents can be difficult. The value of 
gray scale ultrasonography was assessed prospectively in 55 
patients (110 testes) with specific clinical presentations and was 
compared to the reported results of other noninvasive imaging 
procedures. The homogeneous texture of the testes and the 
coarser pattern of the epididymal region were normally more 
clearly separable with gray scale signal processing. In this 
series, a clear differentiation of the origin of an abnormality was 
possible in 80% of the cases. A negative sonogram was highly 
reliable. However, the benefits of scrotal ultrasonography can 
only be evaluated after consideration of the clinical setting and 
alternative noninvasive diagnostic modalities. 

Author Abstract 


A comparison of the “phrygian cap” deformity with bistable 
and gray scale ultrasound. Edell S (Hospital of the University of 
Pennsylvania, Philadelphia, Pennsylvania 19104). JCU 6:34-35, 
1978. 


Sixteen patients with a ‘‘phrygian cap’ deformity of the 
gallbladder found on oral cholecystography were evaluated with 
gray scale and bistable ultrasound. The normal folded fundus 
of the gallbladder was well demorstrated by gray scale echog- 
raphy, but were more difficult to differentiate from gallstones on 
bistable examination. 

John D. Denney 
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Ultrasonic diagnosis of placenta previa: value of a postvoid 
scan. Williamson D, Bjorgen J, Baier B, Worman M (St. Paul- 
Ramsey Hospital, 640 Jackson Street, St. Paul, Minnesota 
55101). JCU 6:58, 1978 


A case of apparent placenta previa is presented in which the 
distended maternal bladder compressed the lower uterine cavity 
causing the anteriorly placed placenta to appear to cover the 
internal os. When the maternal bladder was emptied the true 
position of the anterior placenta away from the internal os was 
clear. The authors recommend rescanning a suspected placenta 
previa with an empty maternal bladder to avoid this pitfall. 


John D. Denney 


The dynamic uterus revealed by time-lapse echography. But- 
terg B, Davison G (171 Victoria Parade, Fitzroy 3065, Victoria, 
Australia). JCU 6: 19-22, Feb 1978 


The authors describe and illustrate four cases of localized 
thickening of the uterine wall due to physiologic contractions of 
the uterus. Scans taken at 30 sec intervals reveal these areas of 
thickening to appear with contraction and disappear with relax- 
ation. In two cases, minor changes in placental position and 
thickness were suggested. The authors point out that these 
dynamic changes in uterine wall thickening must be considered 
before the diagnosis of uterine fibroids can be made. Time-lapse 
echography at 30 sec intervals can demonstrate these changes 
and avoid an erroneous diagnosis. 

John D. Denney 


False placenta previa: a clinical observation. Lees RT, Teates 
CD (University of Virginia Medical Center, Charlottesville, Vir- 
ginia 22901). JCU 6:44-46, 1978 


Three cases of apparent placenta previa which on subsequent 
examination proved not to be placenta previa are presented. In 
each case the fetus was lying transversely, while the placenta 
was anterior and appeared to cover the internal os. In two cases 
the fetus moved to a vertex presentation and the placenta could 
be clearly identified away from the internal os. In the third case, 
the apparent placenta previa disappeared as the maternal blad- 
der filled and the true relationship between the internal os and 
the anterior placenta could be demonstrated. The authors 
postulate that the transverse lie affects tension on the lower 
uterine wall allowing folding and thus false simulation of pla- 
centa previa. 

John D. Denney 


Radiation Oncology 


Palliation of hepatic metastasis. Sherman DM, Weichselbaum 
R, Order SE, Cloud L, Trey C, Piro AJ (50 Binney Street, Boston, 
Massachusetts 02115). Cancer 41 :2013-2017, May 1978 


The use of palliative irradiation for hepatic metastases is 
described in 55 patients, 50 of whom were evaluable, having 
completed therapy. Of the patients, 64% had massive hepatic 
involvement. Treatment was delivered with a 4 MeV linear 
accelerator, most patients receiving 2,100-2,400 rad in 300 rad 
fractions over 2 weeks with a dose range of 1,500-3,000 rads. 
Forty-six patients received over 2,100 rads. Treatment morbidity 
was seen in 12% of the patients consisting mostly of severe 
nausea and vomiting. Of the 48 symptomatic patients, 43 re- 
sponded with 44% (21/48) in the excellent category. Median 
survival of patients having an excellent response was 29 
months. 

Herbert C. Berry 


Pregnancy outcome of patients treated for Hodgkin’s disease. 
Holmes GE, Holmes FF (F. F. Holmes, Cancer Data Service, 
University of Kansas Medical Center, Kansas City, Kansas 
66103). Cancer 41: 1317-1322, April 1978 


The authors have reviewed the medical records of 624 pa- 
tients treated for Hodgkin's disease at the University of Kansas 
Medical Center from 1944-1975. Of this group, 48 were identi- 


fied as having had pregnancies after diagnosis, that is 29 female 
patients became pregnant and 19 male patients impregnated 
their wives. Data was obtained about each of the 93 pregnan- 
cies. There were 82 term or near-term pregnancies which 
produced 84 babies, 76 of whom were normal. These patients 
had 77 siblings who had had pregnancies (228) and this group 
formed the control series. Patients were separated into irradia- 
tion only, irradiation and chemotherapy, chemotherapy only, or 
surgery only groups. Considered as a group, there was no 
statistically significant difference between the study group and 
control groups. Results for male and female patients considered 
separately were equally good. Considering the category of 
patients treated with irradiation only, the data were favorable 
still. Those patients treated with both irradiation and chemo- 
therapy had recorded 21 pregnancies, producing 18 babies of 
whom 13 were normal. The nine female patients in this group 
had 14 pregnancies which produced nine normal amd five 
abnorma! babies compared to the female control; this is a 
significamt difference (p = 0.047). 

Herbert C. Berry 


Can the Fletcher gamma ray colpostat system be extrapolated 
to other systems. Delclos L, Fletcher GH, Sampiere V, Grant 
WH (University of Texas System Cancer Center, M. D. Anderson 
Hospital and Tumor Institute, Houston, Texas 77030). Cancer 
41:970+979, March 1978 


The authors review the development of the Fletcher preload- 
able colpostats and the subsequent development of the 
Fletcher-Suit rectangular-handle model afterloading colpostats 
and the round-handle, current, lighter model. Tungsten shield- 
ing, present in all three models, was rotated somewhat in the 
Fletcher-Suit rectangular-handle model but has been replaced 
in the original position in the current round-handled model. 
Radiographs of colpostats other than Fletcher-Suit colpostats 
are provided showing significant alteration in wall th ckness 
and isotope source positioning. Diagrams are provided compar- 
ing hypothetical doses to bladder trigone and the antericr rectal 
wall for Fletcher applicators versus Henschke applicators versus 
Cervitron Il applicators with 7,000 rad doses normalized to point 
“A”. Bladder trigone and anterior rectal wall theorecticel doses 
are respectively 5,710 rad, 8,375 rad, and 6,318 rad. The authors 
caution that tables and guidelines outlined in Fletcher publica- 
tions are to be used only with the recommended applicators 
and sources. The use of normalized doses at point “A” does not 
reflect the doses at bladder and rectal areas because these 
doses vary with the type of applicator employed and the nature 
and physical characteristics of the radioactive source. 


Herbert C. Berry 


Pancreatic carcinoma treated with high-dose, small-volume 
irradiation. Dobelbower, RR Jr, Borgelt BB, Suntharalingam N, 
Strubler KA (Thomas Jefferson University Hospital, 19th and 
Walnut Streets, Philadelphia, Pennsylvania 19107). Cancer 
41: 1087-1092, March 1978 


Eighteen patients with unresectable biopsy proven ductal 
adenocarcinoma of the pancreas are described; all received 
definite, high-dose, small-volume radiation therapy. Clips 
placed at surgery were used in treatment planning. Minimum 
dose to the target volume, usually encompassed by the 90%- 
95% isodose curve, was 6,300-6,700 rads delivered daily in 180 
rad fractions 5 days/week over a 7-9 week period. All patients 
completed the planned course of treatment. Combinations of 
three er four field photon or three field mixed photon-slectron 
beams were used. Seven patients also received chemotherapy 
usually 5FU. Median survival postdiagnosis is 11.8 months (7.5 
months radiation alone, 13 months radiation plus chemother- 
apy). Effective palliation (i.e., relief of pain, increased appetite, 
weight gain) was achieved in approximately 70% of the patients. 
The 1-year survival statistics are comparable to those patients 
with resectable disease treated surgically. 

Herbert C. Berry 


Book Reviews 





Computed Tomography of the Human Body: An Atlas of Normal Anatomy. By R. J. Alfidi, J. Haaga, M. Weinstein, 


and J. DeGroot. St. Louis: Mosby, 197 pp., 1977. $34.50 


This book represents the latest of several texts dealing with 
cross-sectional anatomy presentations of the human body. 
Approximately one-half the book (105 pages) deals with head 
and neck anatomy, one-eighth with thoracic anatomy, and one- 
fourth with abdominal anatomy. The remainder is composed of 
introduction, index, and so forth. All of the cross-sectional 
views, including the head, are viewed from below, thus keeping 
with the convention adopted at the Second International Sym- 
posium of Computed Tomography. To the contrary, almost all 
other cross-sectional anatomy books view the head and body 
anatomy from above, while the convention most equipment 
manufacturers have adopted is to portray the head anatomy 
from above and body anatomy from below. This from-below- 
only anatomy presentation thus is still somewhat different from 
that clinically used. The pictorial layout in the book is to have a 
black-and-white photograph of the cross-sectional body/head 
slice on the left hand page and the CT image of the nearly 
identical anatomical level on the right hand page. Both the 
photograph and the CT image have descriptive names and 
arrows pointing to similar anatomic parts. Head anatomy is 
portrayed using 8 mm thick slices, except through the orbits 
where 5 mm cross sections are used. Body anatomy is portrayed 
using 13 mm cross sections. Furthermore, two sets of head 
cross section are shown, one at 25° and one at 0° relative to the 
orbital-meatal line. The prototype Ohio-Nuclear Delta 25 was 
used to generate the head images, and a prototype Ohio- 
Nuclear Delta 50 was used to generate the body sections. 

With regard to viewing head images from below, the symme- 
try of the intracranial contents makes this presentation of little 
practical importance. The photographs of the brain cross sec- 
tions are in general very well done, correctly labeled, and 
should prove useful if one does not already have a cross- 
sectional atlas. The photographs of the neck are good, but the 
anatomic planes are much harder to visualize because of the 
lack of inherent photographic contrast between the muscle 
groups and fat. 

Relative to today's cross-sectional scanner images, the CT 
images of the head can be considered only fair, even though 
these images were considered excellent in 1976 and early 1977 
when the Delta 25 and 50 scanners were “in their prime.” This 
text then is somewhat a victim of a rapidly changing and 
improving CT scanner technology. Specifically, all the CT head 
images show beam-hardening artifact (cupping phenomena), a 
very grainy or mottled appearance, and only moderate white/ 
gray matter definition. Labeling on some cross sections points 
to nearly indistinguishable areas, such as the internal capsule 
and lentiform nucleus, and the television raster lines have 
necessitated a minification image to accompany the larger 
labeled image in order to ‘recapture’ some of the contrast 
resolution photographically lost in the larger cross-sectional 
views. 

The photographs of the thorax are, at best, difficult to 
examine for any degree of minute detail. Part of this is second- 
ary to photographic technique and part to poor inherent tissue 


contrast. The corresponding anatomic level CT images of the 
thorax are also difficult to view here, however, because of a lack 
of spatial and contrast resolution in the images. The mediastinal 
and hilar structures are not easily depicted because of these 
resolution limitations. Again the book appears to be a victim of 
technology advancements. It is interesting to me that the au- 
thors chose images that showed a large amount of bilateral 
pleural fluid (normal anatomy?) which made visualization of the 
posterior mediastinum difficult, if not impossible. 

Photographs of the abdominal viscera, while keeping with 
the tradition of viewing the anatomy from below, lack the 
inherent contrast necessary to easily depict organ boundaries, 
muscle/facial planes, and internal organ structures. Again, part 
of this contrast deficiency lies in the photographic technique 
and part in the inherent lack of tissue contrast. For example, on 
many of the images, the pictures are too dark to allow easy 
visualization of the intrahepatic vascular pathways or the intra- 
renal structures (calyces, papilla, etc.). Other images are too 
light to allow adipose detail to be easily demarcated. Overall, 
the lack of uniform exposure between photographs was annoy- 
ing. On the other hand, structures that can be seen are moder- 
ately well depicted and are adequately labeled. 

The CT images of the abdomen do not have the kind of detail 
available with today’s scanners. They lack image spatial and 
density resolution, and, furthermore, a lack of uniform intensity 
setting from image to image creates exposure changes which 
distract from whatever image quality is present. For example, 
on some images, the adipose tissue is so dark that it cannot be 
visually separated from intraluminal intestinal gas. The fat in the 
renal hilus is only marginally discernable from the renal paren- 
chyma, and the facial planes between the erector spinae mus- 
cles cannot even be made out on some images and only poorly 
so on others. All structures which can be seen, however, are 
clearly labeled and correctly identified. 

In summary, the photographs on the head are well done and 
amply labeled. The body photographs, while appropriately la- 
beled, are of varying quality with over and under exposures 
present. Presumably the photographer was trying to compen- 
sate for poor inherent tissue contrast, but not entirely succeed- 
ing. The CT images of both the head and body are not state-of- 
the-art, coming up somewhat short on both the spatial and 
contrast resolution capabilities found on images being made on 
present-day scanners (including the Ohio-Nuclear line). This 
cross-sectional atlas therefore has no major advantages over 
any of the other atlases on the market today, with the single 
exception that the body images are correctly viewed from 
below. If one needs an initial atlas, the price of the book is 
certainly appropriate, especially compared to the quality of the 
images being purchased. | recommend this book only for 
people using an Ohio-Nuclear Delta 25 or 50 CT scanner. 


r Craig M. Coulam 
Vanderbilt University Hospital 
Nashville, Tennessee 37232 
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Clinical Pediatric Oncology, 2d ed. Edited by W. W. Sutow, T. J. Vistti, and D. J. Fernbach. St. Louis: Mosby, 751 pp., 


1977. $44.50 


This second edition of Clinical Pediatric Oncology is an 
excellent revision of perhaps the most recent classic text in the 
field. It is divided into two related parts: basic concepts of care 
of the child with cancer and discussion of specific cancers. The 
material on basic concepts now occupies over 40% of the text. 
Chapters cn genetic considerations, immunology and immuno- 
therapy, newer techniques in diagnostic radiology, and rehabil- 
itation have been added since the first edition. The concepts of 
genetics in childhood cancer are handled well, as is the empha- 
sis on rehabilitation since the number of long-term survivors is 
increasing. The chapters on chemotherapy provide excellent 
background in pharmacokinetics and practical aspects of drug 
therapy. 

Information on specific cancers and results is somewhat 
limited because of the rapid advances in pediatric oncology, 
but, within the limits of any textbook, the therapies recom- 
mended are more current than usual. The majority of the data 
presented is from the Southwest Oncology Group and the M.D. 
Anderson Hospital and Tumor Institute, but other sources are 


A Practical Approach to Modern X-ray Equipment. By T. 


When ready for the purchase of new x-ray equipment or 
accessories, many radiologists, physicists, and hospital or clinic 
administrators are at the mercy of manufacturers’ representa- 
tives who have no real idea why the equipment is being pur- 
chased. This little soft-cover book is a perfect source to neutral- 
ize the effects of the overpowering salesperson. It not only gives 
information about various types of equipment but also tells 
which is best for a particular use and how best to match systems 
for a total effect. 

Chapters range from the Total Radiographic System, Modern 
X-ray Generators and Tubes, Image Intensifiers and Related 
Systems, Phototimers, Serial Film Changers, Computed To- 
mography, Special Considerations for Angiographic Suites and 
Angiographic Injectors, to a special chapter on Bid and Per- 
formance Specifications and Warranty and Service Contracts, 


Ultrasonography of the Eye and Orbit. By D. J. Coleman, F. 


pp., 1977. $35 


This is a well constructed book with a pleasing arrangement 
of text, diagrams, and illustrations. The chapters are separated 
by a page of colored paper, an innovation which could be used 
more widely in textbooks. 

The first two chapters (90 pages) on theory and background 
will probably not be of much use to individuals already working 
with ultrasound. The third chapter of about 50 pages is devoted 
to ultrasonic biometry of the eye. The last half of the book is of 
more general interest. A large number of examples of various 


used and referenced where appropriate. As the authors are 
aware. there are many advances and treatment programs being 
utilized by those outside their own immediate environment. 
Each chapter is well referenced and | recommend the selected 
reading list provided for most chapters for greater in-depth 
information. 

This textbook remains the predominant singe source of 
information for childhood cancer. Its tone reflects the positive 
attitude surrounding the management of childhood cancer that 
has manifested itself through the use of multimodal therapy 
over th2 past decade. The emphasis on basic concepts and 
comprehensive care seems nicely balanced. The text should be 
a valuable resource for all professionals dealing with childhood 
cancer. 

Ronald L. Chard, Jr. 

Division of Hematology/Oncology 

Children’s Orthopedic Hospital and Medical Center 
Seattle, Washington 98105 


T. Thompson. Boston: Little, Brown, 233 pp. 1978. $11 


which atone is worth the price of the book. 

This is a hignly readable book for technologists, radiologists, 
students or even lay persons who might want to know more 
about the technical aspects of radiology. As an older radiolo- 
gist-generalist, | believe | now understand for the first time what 
is meant by the “delta and wye configuration,” the ‘interroga- 
tion time,” “kilowatt rating,” “mottle,” and the “banana effect.” 
There isan excellent index, and at the end of each chapter is a 
list of suggested reading and/or references. 

This book should be in every radiology department, for 
sooner or later it will more than prove its worth. 

H. R. Fishback, Jr. 
Visalia Medical Clinic 
Visalia, California 93277 


L. Lizzi. and R. L. Jack. Philadelphia: Lea & Febiger, 378 


patholagic entities are illustrated with ultrasonic scans and 

diagrams. This part of the book may tempt a nonopthalmologist 
to get involved in orbital imaging. 

For the most part, however, | think few readers of this journal 

will be interested in this book because of its specialized content. 

William A. Wilcox 

North Memorial Medical Center 

Minneapolis, Minnesota 


Coronary Artery Surgery: A Critical Review. By T. A. Preston. New York: Raven Press, 270 pp., 1977. $12.50 


Preston has written a fine book with an overly modest title. In 
this volume ne analyzes the then current (September 1976) 
status of coronary arterial surgery. But, he goes much further. 
The book is crganized into chapters which deal with one facet 
of procedure evaluation. Each of these sections is an interweav- 
ing of bypass surgery with excellent general discussions of the 
problems inherent in assessing new forms of therapy. For 
example, the chapter on methodology presents a fine explora- 
tion of the concepts which should underlie scientific investiga- 
tion. Similarly, the chapter entitled Professional Attributes and 
Needs is a cogent critique of medical education in which 


Preston argues that training in the scientific method s ignored. 
The style is easy to follow but suffers from some redundancy 
when Preston tries to emphasize certain points. Though the 
conclusion, that bypass surgery is neither a proven nor dis- 
proven technique, may be short-lived, this book can be enthu- 
siastically:recommended for its general handling of how science 
can be applied to the art of assessing therapy in a technologic 
age. 
Samuel J. Hessel 
Peter Bent Brigham Hospital 
Boston, Massachusetts 02115 
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Postcholecystectomy Syndromes: A Clinical Approach to Etiology, Diagnosis, and Management. By C. J. Schein. 


Hagerstown, Md.: Harper & Row, 264 pp., 1978. $25 


This is Schein’s third book on the general subject. An earlier 
book on the common bile duct was published in 1966 and one 
on acute cholecystitis in 1972. This, the best of the three, 
discusses first the anatomy and physiology of the normal and 
diseased common bile duct following surgery, then the clinical 
assessment of such patients. Second, it covers intraoperative 
diagnosis of biliary disease by operative cholangiography to- 
gether with its interpretation, as well as manometric cholangi- 
ography and choledochoscopy. Third, it discusses specific 
problems of cystic duct remnants, retained and recurrent com- 
mon bile duct stones, gallstone-related pancreatitis, stenosis of 
the choledochoduodenal junction, congenital disorders of the 
bile duct in adults, iatrogenic disorders, and a number of other 
postcholecystectomy disorders in successive illustrated chap- 
ters. 

The book also has a well illustrated section on the secondary 
biliary operations Schein uses and the techniques required. 
Choledochojejunostomy is apparently not included among the 
operations he uses. Last, there is a small section discussing 
specific cases. This is all followed by a listing of 82 major 
monographs published over the past 100 years on biliary sur- 
gery together with comments on most of them. There are 648 
references. The references indicate that the author reads Ger- 
man well and regards this as a second language. Most of the 
work done by the older figures from France, Italy, and South 
America are referred to, but the younger generation from these 
areas is largely left out. The book is well illustrated with many 
good diagrams and tables. 

Schein makes a specific statement at the end of most chap- 
ters indicating what he considers the most common conditions 
related to that chapter and what he thinks should be done in 
each instance. He feels, for example, that manometry cannot 
replace cholangiography and biliary endoscopy in the demon- 
stration of common bile duct stones and in the evaluation of the 
duct after the removal of stones, and that manometry is only 


The Lymphoid System. Methods of Clinical Investigations. 


T. Godal. Stuttgart: Georg Thieme, 146 pp., 1977. DM35 


This hardbound book is a special tenth anniversary edition of 
the journal Lymphology, the official journal of the International 
Society of Lymphology. The format is a series of articles relating 
to different aspects of the field of lymphology contributed by 
several authors. 

The book is printed on good quality paper and the illustra- 
tions are well reproduced. Several spelling errors were encoun- 
tered, possibly related to translation into English. The first half 
of the book contains papers relating to basic science aspects of 
this field. Included are articles on the anatomy, physiology, 
morphology, cytochemistry, immunology, and laboratory tech- 
niques relating to the lymphatic system and lymphoid cells. The 
second half contains articles with a slightly broader spectrum in 
clinical medicine and would more likely be of interest to radiol- 
ogists. These papers describe the authors’ experiences in such 


one approach to the objective evaluation of the distal common 
bile duct. He feels, however, that an elevated saline pressure 
measurement warrants an especially careful investigation for 
intrinsic or extrinsic obstruction. He strongly advocates chole- 
dochoscopy using the rigid choledochoscope. He agrees with 
the Burhenne approach to removal of retained common bile 
duct stones, and favors percutaneous cholangiography to en- 
doscopic retrograde cholangiopancreatography because the 
method is cheaper, easier, and can be accompanied by tempo- 
rary decompression. He feels, however, that endoscopy is 
useful for looking at the ampulla; under these circumstances 
cannulation of the ampulla can be used. He occasionally uses 
peritonoscopy and minilaparotomy. 

The strong features of this book are the illustrations, the 
bibliography with citations covering many years, and the list of 
monographs. It is too bad Schein did not dwell more on strategy 
for the evaluation and treatment of individual types of patients 
rather than being so general. | was a little unclear as to where 
diagnostic ultrasound fitted in, but understood that he prefers 
percutaneous cholangiography in most jaundiced patients. He 
clearly prefers choledochoduodenoscopy to other methods of 
draining the dilated, obstructed common bile duct. He dislikes 
sphincterotomy and sphincteroplasty, and does not mention 
choledochojejunostomy at all. | think readers would like to 
know why he used choledochoduodenostomy to the exclusion 
of the two other widely used techniques. The case reports are 
not sufficient to present his case or individual opinions. He 
presents individual subjects well, but not the overall strategy. 
This is therefore a compendium of information rather than a 
how-to-do-it handbook. | find it a useful reference book at the 
price. 

Thomas Taylor White 
Department of Surgery 
University of Washington 
Seattle, Washington 98195 


Special edition of Lymphology. Edited by A. Engeset and 


varied areas as aspiration biopsies, lymphography, and scintig- 
raphy of lymph nodes and the spleen. The concluding articles 
are concerned with various surgical techniques for identifying 
the presence of lymphadenopathy and for the collection of 
lymphatic fluids. 

Because of the highly specialized nature of the subject 
matter, the book would have its greatest appeal to laboratory 
scientists or physicians with a specialized interest in lymphol- 
ogy. | would not recommend this book for general reading in 
radiology. 

Ronald D. Harris 

Green Hospital of Scripps Clinic 
10666 North Torrey Pines Road 
La Jolla, California 92037 


Fundamental Physics of Radiology, 3d ed. By W. J. Meredith and J. B. Massey. Chicago: Year Book Medical 


Publishers (distributor), 710 pp., 1977. $32.50. 


This book has gone through three editions since 1968, which 
probably means good acceptance in England and indicates the 
authors’ zeal to keep the contents up to date. They have 
succeeded well by adding new sections on ultrasound, xerora- 
diography, thermoluminescence and its application to dosime- 


try, computed tomography, and on rare earth intensifying 
screens. However, nothing is said about use of field emission 
techniques or about xonics in diagnostic radiology. The infor- 
mation on xerography is very brief, and nothing is included 
about thermography, which perhaps in England is not consid- 
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ered a part of radiology. 

The contents are divided into four chapters: General Physics, 
Diagnostic Radiology, Radiotherapy, and Radiation Protection. 
English expressions and usage such as ‘‘plesiotherapy” (for 
short distance therapy), “the treatment prescription,’ “under- 
couch tube,” and “whilst” make for interesting, if unfamiliar 
reading. 

By the time most books go to press, much of the material is 
out of date; this is less true for a book on physics than one on 
medicine, but it would have been nice if the authors could have 


included material on incorporated radionuclides and their long- 
term effects, on microdensity methods in research on low dose 
effects. and something on the use of technetium in the diagno- 
sis of cardiac infarction. 

This source book can be recommended to the student or 
radiologist who needs basic knowledge of the physics of radiol- 
ogy. 

H. R. Fishback, Jr. 
Visalia Medical Clinic 
Visalia, California 93277 


Books Received 


Receipt of books is acknowledged as a courtesy to the sender. Books 
that appear of sufficient interest will be reviewed as space permits. 


Angiography of the Human Brain Cortex. Atlas of Vascular 
Patterns and Stereotactic Cortical Localization. By G. Szikla, 
G. Bouvier, T. Hori, and V. Petrov. New York: Springer-Verlag, 
273 pp., 1977. $156.40 

Echocardiography: Interpretation and Diagnosis. By J. J. 
Kleid. New York: Appleton-Century-Crofts, 460 pp., 1978. $36.50 
Gallium-67 Imaging. Edited by P. B. Hoffer, C. Bekerman, and 
R. E. Henkin. New York: Wiley, 173 pp., 1978. $22 

Handbook of Urology. Diagnostic Radiology supplement. By L. 
Andersson, |. Fernstrom, G. R. Leopold, J. U. Schlegel, and L. 
B. Talner. New York: Springer-Verlag, 199 pp., 1977. $45.10 
The Health of the People. A review of Health Services in the 
Republic of South Africa in the mid-seventies. Johannesburg: 
van Rensburg, 140 pp., 1977. 


Human Brainstem Vessels. By H. M. Duvernoy. New York: 
Springer-Verlag, 188 pp., 1978. $128 

Radiologic Diagnosis of Polyps and Carcinoma of the Large 
Bowel. By M. Maruyama. New York: Igaku-Shoin, 262 pp., 
1978. $52 

Soft Tissues of the Extremities. A Radiologic Study of Rheu- 
matic Disease. Comprehensive Manuals in Radiology, vol. 1. 
By W. J. Weston and D. G. Palmer. New York: Springer-Verlag, 
128 pp., 1978. $30 

Thyroid Disease. Clinical Exercises in Internal Medicine, vol. 
1. By J. |. Hamburger. Philadelphia: Saunders, 286 pp., 1978. 
$13.95 

Ultrasound in Gynecology and Obstetrics. By N. Hassami. New 
York: Springer-Verlag, 182 pp., 1978. $22.80 

Ultrasound: Its Applications in Medicine and Biology, parts | 
and Il. Edited by F. J. Fry. (Series: Methods and Phenomena 3.) 
Amsterdam: E sevier, 745 pp., 1978. $72.75 


News 


Clinical Problems in Radiology 


A postgraduate course, Clinical Problems in Radiology — 
1978, will be September 22-24 in New York City. Sponsor is the 
College of Physicians and Surgeons of Columbia University, 
and course directors are D. H. Baker and W. J. Casarella. 

The course will be organized into eight symposia which will 
deal with the use of computed tomography, ultrasound, nuclear 
medicine, angiography, and conventional radiographs in the 
evaluation of jaundice, gastrointestinal hemorrhage, trauma, 
renal masses, mediastinal lesions, thromboembolism, pediatric 
emergencies, and central nervous system tumors. 

The course is approved by the AMA for 20 hr of Category | 
credit, and by the Academy of Family Physicians. For further 
information, contact J. M. Ferrer, Jr., Associate Dean, College 
of Physicians and Surgeons, 630 West 168th Street, New York, 
New York 10032. 


Nuclear Imaging Symposium 


New Perspectives in Nuclear Imaging is a symposium sched- 
uled for September 29-October 1 in San Francisco. Topics will 
include emission tomography, nuclear cardiology, and bone 
and gallium imaging. Faculty members will be W. L. Ashburn, 
G. Hamilton, T. C. Hill, G. S. Johnston, M. K. Loken, M. R. 
Powell, H. R. Schelbert, B. P. Sherman, and E. M. Smith. Fees 
are $175 for physicians and $100 for residents and technolo- 
gists. Both physicians’ Category | CME credits and Technolo- 
gists’ Voice credits have been applied for through the Society of 
Nuclear Medicine. For information, write Mrs. L. Bolliger, Union 
Carbide Imaging Systems, 333 Providence Highway. Norwood, 
Massachusetts 02062. 


Nuclear Medicine Meeting 


The Society of Nuclear Medicine, Greater New York Chapter, 
will hold its fourth annual scientific meeting, November 10-12, 
in Philadelphia. Meeting format will include scientific papers, 
Survey papers, teaching sessions, and commercial exhibits. For 
information and abstracts, contact H. J. Lessig, Department of 
Nuclear Medicine, Episcopal Hospital, Front and Lehigh Ave- 
nue, Philadelphia, Pennsylvania 19125. 


CT, Ultrasound, Nuclear Medicine in Pediatrics 


The Department of Radiology and Children’s Hospital of 
Buffalo will sponsor a symposium on computed tomography, 
ultrasound, and nuclear medicine in infants and children, Jan- 
uary 18-20, at Disneyworld, Orlando, Florida. Purpose is to 
discuss the practical application of these imaging modalities in 
the evaluation of various pediatric problems, and to put into 
proper perspective their relationships to one another as well as 
to conventional radiographic modalities. Faculty includes W. 
Berdon, P. Berger, M. Capitanio, K. Fellows, G. Gates, D. 
Gilday, D. Harwood-Nash, J. Kuhn, B. Potter, B. Reilly, and R. 
Teele. For further information, contact P. E. Berger, Department 
of Radiology, Children’s Hospital, 219 Bryant Street, Buffalo, 
New York 14222; telephone (716) 878-7318. 


New England Society of Nuclear Medicine 
Meeting 


The fourteenth annual meeting of the New England Chapter 
of the Society of Nuclear Medicine will be October 7 and 8 in 
Hartford, Connecticut. Speakers will be P. O. Alderson, G. N. 
Ege, P. B. Hoffer, S. M. Larson, R. P. Spencer, H. W. Strauss, 
M. L. Thakur, B. L. Zaret, and R. E. Zimmerman. The meeting 
will include an afternoon of nine workshops and early evening 
presentation. For further information, contact Eleanor Plati, 
Division of Nuclear Medicine, Massachusetts General Hospital, 
Fruit Street, Boston, Massachusetts 02114. 


Body CT Course 


The Society of Computed Body Tomography will host its 
second annual refresher course, February 26-March 1 in San 
Diego. The scientific program will present up-to-date informa- 
tion on all aspects of body computed tomography. Additional 
information may be obtained from P. F. Sheedy, Il, Department 
of Diagnostic Radiology, Mayo Clinic, Rochester, Minnesota 
55901. 


Skeletal Imaging Symposium 


The fall meeting of the Central Chapter of the Society of 
Nuclear Medicine will feature a symposium on skeletal imaging. 
The meeting will be October 21 and 22 at the University of 
Michigan, Ann Arbor. A related program for technologists will 
also be presented. 

The symposium will be divided into four sessions: basic 
science aspects; clinical applications in benign disease: detec- 
tion and staging of malignant disease; and contributed papers. 
Participants will include: N. D. Charkes, Temple University; A. 
M. Zimmer, University of Illinois Hospital; E. W. Fordham, Rush- 
Presbyterian-St. Lukes Medical Center, Chicago; L. Rosenthal, 
Montreal General Hospital; L. L. Heck, Methodist Hospital, 
Indianapolis; M. L. Brown and H. W. Wahner, both Mayo Clinic; 
J. J. Conway, Children’s Memorial Hospital, Chicago; J. E. 
Carey, J. W. Keyes, Jr., J. H. Thrall, R. H. Wheeler, and E. M. 
Braunstein, all University of Michigan Medical Center: and R. E. 
Henkin, Loyola University Medical Center. 

For information, contact J. Thrall, Nuclear Medicine Depart- 
ment, 1525 University of Michigan Hospital, Ann Arbor, Michi- 
gan 48104. Information on the technologists’ program may be 
obtained from M. Tuscan at the same address. 


Neuroradiology and Head and Neck Radiology 


An intensive course on Neuroradiology and Head and Neck 
Radiology will be October 3-7 in Boston. Course directors are 
J. M. Taveras and A. L. Weber of Massachusetts General 
Hospital and Massachusetts Eye and Ear Infirmary. Lectures, 
demonstrations, and case discussions are planned. Two sym- 
posia will be featured: Radiology of the Spine and Myelography; 
and Radiology of the Temporal Bone, Ear, and Cerebellopontine 
Angle. In addition, the latest concepts in angiography, pneu- 
moencephalography, radionuclide scanning, and computed to- 
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mography will be discussed. Approximately 35 hr AMA Category 
| credit will be available. Registration fee is $300 for the 
combined course; $125 for the head and neck course only. For 
additional information, contact Department of Continuing Edu- 
cation, Harvard Medical School, 25 Shattuck Street, Boston, 
Massachusetts 02115. 


Current Concepts in Diagnostic Radiology 


The Department of Radiology, Duke University Medical Cen- 
ter, and guest faculty will present a 5 day postgraduate course 
at the Acapulco Princess Hotel in Mexico, February 12-16. 
Scientific sessions will cover current concepts in diagnostic 
radiology including ultrasound and computed tomography. A 
total of 30 hr AMA Category | credit is available. Guest faculty 
will be E. R. Heitzman, Syracuse, New York; G. Leopold, San 
Diego; S. S. Sagle, St. Louis; and W. B. Seaman, New York City. 
Duke University faculty will be J. T. T. Chen, R. McLelland, C. E. 
Putman, C. E. Ravin, and W. Trought. 

Fees are $250; $125 for those in training accompanied by a 
letter from their department chairmen. For information, contact 
R. McLelland, Radiology Box 3808, Duke University Medical 
Center, Durham, North Carolina 27710; telephone (919) 684- 
4397. 


Wendell G. Scott Lecture 


Donald Fredrickson, director of the National Institutes of 
Health, has been named seventh annual Wendell G. Scott 
Lecturer by the Mallinckrodt Institute of Radiology and Wash- 
ington University School of Medicine. He will speak October 10 
at Mallinckrodt Institute on Minding the Biomedical Continuum. 
Additional information is available from R. G. Evens, Mallin- 
ckrodt Institute of Radiology, 510 South Kingshighway, St. 
Louis, Missouri 63110. 


Arthrography Course 


An Arthrography Course and Workshop will be December 14- 
16 in New York City. The course is limited to 60 participants. 
Fee is $225 and 16 hr AMA Category | credit is available. For 
details contact R. H. Freiberger, Department of Radiology, 
Hospital for Special Surgery, 535 East 70th Street, New York, 
New York 10021. 


Computed Tomography, Ultrasound, and X-ray 


Computed Tomography, Ultrasound, and X-ray, an Integrated 
Approach is a course scheduled for January 29-February 2 in 
San Francisco. Course objectives are to review the major 
clinical topics for which more than one useful imaging modality 
is available, to review the basic principles of each technique as 
it applies to each clinical topic, and to formulate methods to 
integrate the different modalities into a rational and efficient 
diagnostic plan. Although course emphasis will be on computed 
tomograpny and diagnostic ultrasound, a review of the nuclear 
medicine, angiographic, and conventional radiographic ap- 
proaches to each clinical topic will be presented. 

Clinical topics slated for review include: gallstones, liver 
mass, jaundice, renal mass, abdominal trauma, abdominal 
abscess, brain mass, ischemic heart disease, musculoskeletal 
mass, pulmonary embolism, thyroid nodule, abdominal lymph- 
adenopathy, and pancreatic mass. 

Program sponsors are the Radiology Research and Education 
Foundation and the University of California School of Medicine, 
San Francisco. The course will carry 28 hr AMA Category | 
credit and California Medical Association credit. 


Camplete details may be obtained from Extended Programs 
in Medical Education, Room 569-U, University of California, 
Third and Parnassus Avenue, San Francisco, California 94943; 
telephone (415) 666-4251. 


Two Gastrointestinal Radiology Courses: 
Snowbird and Park City 


The University of Utah Department of Radiology has an- 
nounced two courses. The first, the Fourth Annual Snowbird 
Radie!ogy Conference — Gastrointestinal Radiology, will be Jan- 
uary 28-February 3 at Snowbird Ski Resort, Utah. The second 
program, the Annual Park City Radiological Conference — Gas- 
trointestinal Radiology, will be February 24-March 3 at Park City 
Ski Resort, Utah. Fee for each is $230; both carry 20 hr AMA 
Category | credit. For information, contact F. J. Miller, Jr., 
Department of Radiology, University of Utah Medical Center, 50 
North Medical Drive, Salt Lake City, Utah 84132: telephone (801) 
581-8188. 


Oncology Course 


Memorial Sloan-Kettering Cancer Center will present a clini- 
cal chemotherapy course for medical personnel involved in 
oncolagy and clinical investigations, October 16-19. This year 
the annual course will be open to nonphysicians in oncology as 
well as physicians. The course will include lectures and panels 
on pharmacologic techniques and clinical methods for evaluat- 
ing potential chemotherapeutic agents. The chemistry and 
pharmacology of agents used in cancer treatment wil! be re- 
viewed with emphasis on recent developments in this field. The 
course will also include disease-oriented workshops on patient 
management, relating medical oncology to other relevant disci- 
plines. 

Registration is $200. The course carries 30 hr AMA Category 
| credit. For further information, contact C. W. Young, Memorial 
Sloan-Kettering Cancer Center, 1275 York Avenue, New York, 
New York 10021; telephone (212) 794-7940. 


Cancer Symposium 


Scripps Memorial Hospital Cancer Center, La Jolla, Califor- 
nia, will present the Second Annual Cancer Symposium October 
25-27 in San Diego. The course is designed to provide current 
information to physicians involved in the primary care of cancer 
patients. Both AMA and California Medical Association credit 
will be available. Fees are $250 for physicians, $125 for resi- 
dents, and $50 for nurses. For additional information, write N. 
Feldman, Cancer Symposium Coordinator, Box 705, La Jolla, 
California 92038; telephone (714) 459-0511. 


Pediatric Radiology Course 


A refresher course, Day in Pediatric Radiology, will be Octo- 
ber 14. The program is sponsored by the Department of Contin- 
uing Medical Education, University of Western Ontario, London, 
Ontario. Details may be obtained from D. S. Rajic, War Memorial 
Children’s Hospital, London, Ontario, Canada. 


VA Administrative Scholars Program 


The Veterans Administration is now accepting applications 
for candidates for the Administrative Scholars program for the 
1979 program year. Due date is November 1. The program is 
designed to prepare outstanding individuals to assume leader- 
ship roles within the health care system. It is open to all 
qualified individuals from the health and health-related profes- 
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sions. Each year five individuals are selected for 2-4 year 
scholarships. Financial support will equal present compensa- 
tion up to the limit of the civil service scale. Program content is 
largely determined by the scholars who create their own self- 
directed plans dealing with major health care issues. For details, 
write Veterans Administration, Administrative Scholars Pro- 
gram, Washington, D.C. 20420. 


Meeting and Course Review 


For reader convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings of these events ap- 
peared in journal issues indicated in parentheses. 

Ultrasound Meeting, October 19-23, San Diego (March). 

International Body Imaging Conference, October 14-22, 
Maui, Hawaii (June). 

Current Concepts in Diagnostic Radiology, course, October 
23-27, Bermuda (June). 

CT in Radiotherapy, workshop, March 28-30, 1979, Geneva, 
Switzerland (June). 

CT and Ultrasound: Current Perspectives, October 26 and 
27, Houston (June). 

Cardiopulmonary Radiology, seminar, October 13-15, Dallas 
(June). 

Pediatric Radiology in the General Hospital, course, October 
4-6, Cape Cod, Massachusetts (July). 

Courses in Ultrasound, two 8-week postgraduate courses 
beginning January 8 and April 2, respectively, Winston-Salem, 
North Carolina (July). 


NEWS 


Radiology of Trauma, course, October 6 and 7, Omah 

San Diego Postgraduate Course, October 16-19 (Julh 

Two Courses: Genitourinary and General Diagnostic 
ogy, October 6-8, New York City, and Puerto Rico, Feb) 
9, respectively (July). 

Diagnosis of Liver Metastases, symposium, Novem 
December 2, Brussels (July). 

Symposium on Pituitary Microadenomas, October 
Milan, Italy (July). 

Radiology of Bones and Joints, course, October 17-' 
York City (July). 

Adjuvant Therapy of Cancer, conference, March 
1979, Tucson, Arizona (July). 

Southeastern Chapter, Nuclear Medicine Meeting, 
ber 1-4, Birmingham, Alabama (August). 

Medical Imaging Meeting, December, Hong Kong ai 
ple’s Republic of China (August). 





AJR carries relevant announcements of courses 
symposiums if received a minimum of 4 months in 
vance of the event. There is no charge. Mail annou 
ments to the Editorial Office, American Journal of Rc 
genology, 403 Pacific National Bank Building, 4545 


Avenue N.E., Seattle, Washington 98105. Items will 
be acknowledged. 
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TOTAL BODY COVERAGE 
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. . from the only company offering all the choices you need! 
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The parallelogram construction of the Poly 
Diagnost C permits the patient to remain sta- 
tionary, leaving the physician more relaxed 
| and able to concentrate fully on the proce- 
PR dure. Insuring maximum safety for both pa- 
Atty tient and operator, the Poly C provides both 
OF je! routine and cranio-caudal views that insure 
fe A fe clear, unobstructed views of overlapping 
ed oe” vessels. Stenoses which might have been 
obscured can be detected with a high degree 
hte of efficiency and operational ease. 
Lhe Designed for both the brachial and femoral 
i techniques of cardiac angiography, the Poly 
C is also successfully used in abdominal and 
i thoracic studies. 
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Designed specifically fer cerebral angiog- 
raphy at 2:1 magnificaton, the Poly Diagnost 
N easily provides views of the patient previ- 
ously difficult (or impossible) to achieve. The 
parallelogram construction allows full rotation 
around the long axis of the body and the 
maximum desirable head-to-‘oot angulation. 
The unique constructian insures all motions 
are isocentric and all results are distortion 
free. 

Designed for use in single or bi-plane Op- 
eration with a Puck rapid film changer, the 
Poly N lends itself to estensions for more ded- 
icated requirements, such as the latest con- 
figuration with a quick y interchangeable 
image intensifier and a rapid film changer. 






















































Poly Diagnost C 


An extension of the U-arm 
principle first developed by 
Philips in the Cardio Diagnost, 
the Poly C is a dedicated 
cardiovascular system. 
Parallelogram construction 
provides routine and cranio- 
caudal views without moving 
the patient, making the Poly C 
widely used for imaging the 


thoracic and abdominal areas. 


Philips Angiography Systems. 


Poly Diagnost N 


The first in Philips’ family of 
dedicated cerebral angiog- 
raphy systems with paral- 
lelogram construction. For 
optimum results with isocen- 
tric patient positioning for all 
projections. 


Poly Diagnost UPI 


Philips’ new universal angiog- 
raphy system for the most 
flexible filming of cerebral, 

fy. thoracic, abdominal and 

pel pe peripheral angiography, with 


the - full provision for occasional 
L. tel L kieg 
7 cardiovascular examinations. 
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A universal system with revolutionary design, 
the Poly Diagnost UPI features a rotating 
U-arm that carries the X-ray tube amd an 
image intensifier and rapid film change 
which are quickly interchangeable 

A new experience in examinati@n con- 
venience, the Poly UPI is a masterful combi- 
nation of system features: free choice o 
oblique, cranio-caudal and caude-cranio 
projections; rapid changeover fram fluoros- 
copy to film changer work; automaatic control 
of object-film distance; motorizee height ad- 
justment of both table and U-arm, which 
provides contact and up to 2:1 geometric en- 
largement; and a unique boating movement 
that keeps the object centered in the beam 
while the object-film distance is automatically 
controlled in every projection. It's-the ideal 
universal system for angiography! 
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A COMPLETE FAMILY OF IMAGE INTENSIFICATION SYSTEMS, 
X-RAY TUBES AND GENERATORS 
FOR PHILIPS ANGIOGRAPHIC EQUIPMENT. 














Super Rotalix and 

Trinodex X-ray Tubes 
Preferred for exceptional 
image quality and reliable 
performance in sustained op- 
eration, Philips’ tubes are 
designed for high loadability 
and superbly efficient heat 
dissipation. 













The 14” Triple-Mode 

Image Intensifier 

Another first from Philips! An 
amazingly lightweight 14” 
image intensifier for highly de- 
tailed surveys with outstand- 
ing results. 





Conventional or 
Fiber Optic Image 
Intensifiers 

Select from a full range of 
fields in conventional image 


A Full Range 
of Generators 


intensifiers . . . or Philips’ Ex- From the very affordable 
clusive Fiber Optic Image In- three-phase, high output 
tensification System. Fiber Classic line, to a full range of 
optics provides 30:1 contrast Modular Generators, to the 


ratio for greater detail, uniform ® computerized Optimus M200, 
image quality over the entire DH i LI DS Philips’ family of generators 
screen, optimum image trans- combines quality, performance 
fer and compactness for easy the most reliable family of and price for your every exam- 
maneuverability. systems and people in the industry. ination need. 





temp - guard 


temperature stabilizer 





e coverless temperature support e feed back probe which provides 
system for complete accessibility accurate temperature control 

ə mobile and versatile and readout display 

e for use in fluroscopy, special e fail safe instrumentation 


procedures, c.t. and ultrasound 


call direct 716 882-0862 


or write 


gordon consultants, inc. 361 dewitt st. e buffalo, new york 14213 
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The custom application 
OPTI-150 CT X-ray tube 
permits continuous 
patient scanning ata rate 
of up to 125 scans/hour. 


Wide gantry aperture 
and scan field (both 

54 cm. in diameter) 
facilitate patient handling 
and positioning. 


Exclusive dual-section, 
flat-top table system with 
motorized patient 
conveyor. 
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nie i a body scanner) and the 
Sigal OM (head/neck scanner) 
ne most sophisticated computed 
tomographic systems available 
today. Upon completion 
of each scan, the 
image is immedi- 
ately available for 
clinical evaluation. 
The SOMATOM 
offers selectable 
scan times of four and eight 


Concepts... 


seconds while the SIRET DM 
scan time options are 60. 120. 
and 180 seconds. 


The EVALUSKOP. an ind= 
pendent evaluation console, 
extends the capability forCT 


image manipulation and asalysis. 


Programmable and available at 
the push of a button are window 
variation, multiple region of 
interest selection, distance and 
angle measurement, histogram. 
magnification, saggital/caronal 
reconstruction, multiple tomo- 
gram displays, tomogram addi- 
tion and subtraction, and ‘ilter 
manipulation. 


Siemens full line of computed 
tomographic equipment is 
designed to fulfill the exacting 
requirements of CT application. 
Behind each system defimtion— 
X-ray tubes, tables, 
generators, radiation 
measurement, and 
signal processing—is 
more than 100 years 
of engineering 
excellence. 


he only CT scanners with 
Stantaneous image reconstruction 


Siemens world-wide reputation 
for product support and service 
iS unsurpassed. In the United 
States alone, Siemens has a 
technical staff of over 500 
trained professionals ready to 
serve you—should the need 
arise. 


For further information 

Please contact your local! 
Siemens Representative or 
Siemens Corporation, Medical 
Systems Division, 186 Wood 
Avenue South, Iselin, New 
Jersey (201) 494-1000. 

In Canada: Siemens Canada 
Limited, RO. Box 7300, Pointe 
Claire 730-P.Q. 





engineered to radiologic excellence 


For Double Contrast Stomachs,Use 


“E-Z-HD 


High Density with High Fluidity 
Barium Sulfate for Suspension 


Double contrast radiography appears to 
offer the potential for significant 
improvements in diagnostic accuracy. 











Double contrast studies of the stomach 
best demonstrate the surface pattern of 
the stomach (areae gastricae). This leads 
to improved detection of superfical 
erosions and ulcers, malignancies, 
polyps and other benign tumors, and 
ulcer scars. 


E-Z-HD barium sulfate provides the basic 
ingredient necessary for good double 
contrast of the stomach. 


= The higher the density of the barium 
suspension, the better the coating, 
E-Z-HD allows for the highest density 
suspension of any commercial product 
on the market today: 85% w/w, 250% 
w/v. E-Z-HD achieves this density while 
remaining fluid for ease of administration. 


e High density 
è High fluidity 
@ Palatable 
è Unit dose convenience. 
E-Z-HD — The barium for the double 


NOTE THE ANTRAL POLYP (ARROW) AND THE LACELIKE AREAE GASTRICAE IN THE BODY OF THE STOMACH contrast examination of the stomach 
Film, courtesy of Robert E. Koehler, M D. Washington University, Dep't. of Radiology St Louis, Missouri and duodenu m. 
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Optimal Density & Fluidity for the Modern 
Double Contrast Examination of the 
Stomach and Duodenum 


Refrences: For Further Information Write: 
David W. Gelfand: The Japanese-Style Double Contrast, Exami- 
nation of the Stomach, Gastrointest Radiol. 1, 7-17 (1976) 


© 
Igor Laufer: The Diagnostic Accuracy of Barium Studies of the E-2-EM 7 Portland Ave. 


Stomach and Duodenum — Correlation with Endoscopy, 


Radiology 1 15: 569-573, June 1975 Westbu ry, New York 11590 
Roscoe E. Miller: The Air Contrast Stomach Examination: an a | (516) 333-8230 


overview. Radiology | 17: 743-744 Dec. 1975 








For we've made it our business 
to help hospitals control image quality, 
contain costs and improve patient care. 

The results speak for themselves. 








Imaging Management 





Imaging Management gets results: 
Better image quality. Tighter cost containment. 
Improved patient care. 


upplier involvement with hospital radiology 
departments probably doesn't sound 
like a terribly novel idea today, but before 
1970 it was. That was when DuPont initiated an 
in-depth Quality Control Program for hospitals. 
DuPont led the way then, and today DuPont still 
sets the pace in quality assurance. 

Over the years, DuPont's involvement 
with its customers has grown beyond the 
original Quality Control Program. This involve- 
ment now includes a range of training and 
consultation services in all areas of radiology 
management. For the most part, these newer 
programs have been aimed at improving cost 
containment and patient care, which have joined 
image quality as key department goals. 

Today, DuPont can offer the hospital 
radiology department a selection of imaging ser- 
vices unmatched in depth and variety. The 
challenge now is to apply these programs and 
services so that they meet the unique needs 
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TIAL SAVINGS ANALYSIS 


or 


of each individual department and produce the -° 
specific results that the profession demands. 


Imaging Management meets today’s needs. 


Imaging Management is DuPont's 
answer to this ‘‘challenge to produce results.” It 
is a proven process of selecting, implementing 
and monitoring those radiology programs that 
will achieve specific departmental goals rapidly 
and effectively. 

Imaging Management follows an orderly 
procedure of needs analysis, objective setting 
and program selection, to produce an action 
plan that is unique for each radiology site. It pro- 
vides guidelines and assistance during imple- 
mentation of the plan and concludes with a 
quantitative measurement of program results. 
The entire process is conducted as a ‘team 
effort” between the radiology department and 
DuPont, using the best resources of both. 


The whole point: To put you in control. 


The Imaging Management Concept rec- 
ognizes the interrelationship of people, products 
and services in effective radiology administration. 
lt acknowledges the importance of managing 
these three variables to achieve specific depart- 


"mental goals. The whole point is to put you in 
control of your image quality, costs and patient 
care, and that’s exactly what happens. 

maging Management not only promises 
better quality and lower costs; it can also result 
in a more efficient staff, a more efficient depart- 
ment layout and more efficient administrative 
procedures. 

For the patient, it can mean faster exams. 
less waiting time and lower X-ray dosage. 


The results speak. 


Imaging Management principles and 
techniques have produced results like these at 
hospitals across the country. 


Boston City Hospital saved $7,500 in film 


costs by reducing repeats 18% and minimizing 


film spoilage. Radiograph quality and department 


efficiency improved, too. 

St. Luke’s Hospital Center in New York 
City reduced their repeat rate from 10% to 4% 
and realized a noticeable improvement in 
department efficiency. 

Temple University Hospital in Philadel- 
phia saved over $4,000 a month with improved 
inventory control and fewer repeats. 


Baptist Hospital in Miami cut radiation 
desage in half in 90% of their general procedure 
exems. 

Our customers can tell you about dozens 
of similar successes. 


It starts with the use of quality Imaging Produc 


The key to effective Imaging Manage- 
ment is quality: Quality of objectives, quality of 
programs, quality of results. Equally important 
is quality of products. 

DuPont has the widest choice of quality 
film /screen combinations available for any 
diagnostic procedure. 

Among our more recent innovations: 

A new line of Medical Recording Films for 
computed tomography, ultrasound and nuclear 
medicine; three new film/screen/cassette 
combinations especially developed for imaging 
extremities; a new high-capacity processor and 
chemical mixer. 

And, of course, there’s the original 
DuPont Daylight Film Handling 
System, which makes it 
possible to do all film 






handling, even the processing, in room light. 
This important development allows you to use 
satellite units, including computed tomography, 
ultrasound and nuclear medicine, that are not 
tied to the darkroom. Technologists can virtually 
take the X-ray department to the patient, 
thereby improving patient care. 

These and many other quality consum- 
able and equipment products form the founda- 
tion for our long-term involvement with 
hospitals. 


People and services wrap it up. 


DuPont Technical Representatives are 
trained to be responsive to radiology departments’ 
needs, to search out ways to help control costs, 
improve image quality and patient care. To meet 
these needs, they call on the finest and most 
complete resource package in the industry... 
DuPont's series of Imaging Services, including 
Quality Control, Computerized Cost Analysis, 
Training in Budget Administration and Manage- 
ment Principles, Layout Assistance, Resident 
and Student Education, and a full range of 
technical programs. Working with your radiology 
team, our Technical Representatives can help 
develop managerial and technical skills to new 
levels of proficiency. 
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DuPont’s new Seminar on Imaging Manage- 
ment offers in-depth training. 


Radiology department administrators 
and their assistants, chief technologists, QC 
coordinators and other hospital personnel are in- 
vited to participate in DuPont's new seminar on 
Imaging Management, to be held at key locations 
around the country in the months ahead. The 
seminar will be conducted in half-day segments 
or as a week-long training program; you can 
choose the format that best fits your schedule. 


For full information, get to know your DuPont 
Technical Representative. 


Your DuPont ‘‘TR”’ is the direct link to 
Imaging Management. Let him help you develop 
and implement a management system that will 
meet the unique needs of your department to 
control image quality and costs and improve 
patient care. 

Ask him about the Imaging Management 
Seminar, too. He has more valuable information 
to offer and a prospectus folder on the training 
program. Or write DuPont Company, Room 
36673, Wilmington, DE 19898. 


Imaging Management. 


It puts you in control of image quality, 
costs and patient care. 
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GUERBET 
BETTER CONTRAST MEDIA THROUGH RESEARCH 


Laboratoire Guerbet, 16/24, rue Jean Chaptal 
93601 AULNAY-SOUS-BOIS Cedex -FRANCE 
Telex : Guerbet 690682 








ill using a fula um bar 


In Tomolex™ there is no heavy 
cumbersome fulcrum bar. With 
touch-button controls, just the 
finger tip is all that is required to 
set the Tomolex for tomography, 
erect-chest work or routine hori- 
zontal radiography. Being able to 
switch from tomography to radio: 
raphy and back again within secor 
assures Maximum patient throughp 

Faster throughput isn’t all th 
Tomolex offers. The four-way floa 
top table makes patient positionin 
faster and easier for the technologi 
more comfortable for the patient. 
And the extra-wide tabletop give: 
your patient a greater feeling of security. Yet you can still position carts flush against t 
Tomolex top because tableside controls glide out of the 
way quickly and effortlessly. 

Radiologists appreciate the superb tomo- 
graphic and radiographic image quality possible 
with Tomolex. Quality that’s achieved by 
design from inception through final 
assembly. Further, automatic 
exposure control assures optimal 
radiologic film density — con- 
sistently. And the Collimatic Automatic Collimator 
provides the precise beam coverage you want while 
tracking film size, according to the SID you select. 

Tomolex’s award-winning table design is more 
than just visually attractive. It’s also the essence of 
practicality with all table components built into the 
table base for servicing. Further, a steel bump rail and 
impact-resistant kick plate help preserve its modern 
good looks even in the busiest radiology suite. 














Tumulex doesnt. 








Customized acquisition plans, or leasing 
can be arranged through your channels or through 
Pickers parent CIT Financial Corporation. 





For ease, speed and quality 
results, Tomolex is still the paragon 
in radiographic/linear tomography 
systems. And like all Picker 
equipment, its backed by 
our worldwide service 
organization. Contact your 
local Picker representative, or write 
Picker Corporation or Picker International. 


995 Miner Road, Cleveland, OH 44143. 


ONE OF THE CIT COMPANIES 


CHARLES C THOMAS +: PUBLISHER 


BONE TUMORS: General Aspects and Data on 6,221 Cases 
(3rd Ed.) by David C. Dahlin, Mayo Clinic, Rochester, Minne- 
sota. New features of this expanded and updated Third Edition 
include chapters on benign and malignant (fibrous) histiocy- 
tomas; description and illustration of recognizable types of 
osteosarcoma and chondrosarcoma; and several novel examples 
of bone tumor simulators. As a whole, the text continues to 
document the experience of the Mayo Clinic in the diagnosis, 
management and follow-up of more than six thousand pa- 
tients with primary tumors of bone. This information is am- 
plified by detailed coverage of other diseases, reactive processes, 
developmental lesions, traumatic alterations and other condi- 
tions that produce skeletal abnormalities. ’78, 464 pp. (8 1/2 x 
11), 740 il., 7 tables, $32.75 


CLASSIC DESCRIPTIONS OF DISEASE: With Biographical 
Sketches of the Authors (3rd Ed., 7th Ptg.) by Ralph H. Major. 
This text presents two hundred eighty-seven selections from 
the original, epoch-making accounts of authorities whose con- 
tributions and discoveries have furnished the foundation of 
our knowledge of clinical medicine. The articles included are 
the first known, one of the earliest, or one of the most inter- 
esting accounts of the disease in question. The clinical enuties, 
methods of clinical diagnosis, and treatment techniques pre- 
sented cover virtually the entire field of medicine. ’78, 712 pp. 
(6 1/4 x 9 1/2), 142 il., $12.50 


PERCUTANEOUS ANGIOGRAPHY by S. Swamy, Michael 
Reese Medical Center; Lewis Irwin Segal, Louis A. Weiss 
Memorial Hospital; and S. Mouli, Foster-McGaw Medical 
Center; all of Chicago. Numerous illustrations explain in de- 
tail the basic angiographic techniques while the authors pre- 
sent solutions for many common technical problems in 
angiography. One section details the programming of standard 
studies; another is composed of special recipes for the system- 
atic study of common disease processes. The authors also pro- 
vide in-depth information on angiographic patterns, which are 
classified according to pathology rather than anatomy, and 
their relation to gross histological architecture. ’77, 848 pp. (8 
1/2 x 11), 1455 il., $80.00 


A STUDY GUIDE FOR RADIOLOGIC TECHNOLOGISTS 
by Judith Posner Baron, College of Lake County, Grayslake, 
Illinois. Along with standard radiologic technology topics, the 
book details such subjects as exposure techniques, solid state 
rectifiers and exposure switches, rare earth intensifying screens, 
radiation biology, and electron radiography. Emphasis is 
placed on the development and application of concepts rather 
than on rote learning. This text is designed for students of 
radiological physics, radiographic circuitry and accessories, 
and radiation biology. It will also be ideal for the practicing 
technologist who wishes to update his knowledge. ’78, 560 pp., 
200 il., $17.50 


INDICATIONS AND ALTERNATIVES IN X-RAY DIAG- 
NOSIS: A Guide to the Effective Employment of Roentgeno- 
logic Studies in the Solution of Diagnostic Problems (2nd Ed.) 
by Melvyn H. Schreiber, Univ. of Texas Medical Branch, Gal- 
veston. This illustrated volume describes and depicts the var- 
ious kinds of roentgenologic examinations available for the 
unravelling of diagnostic problems. It is divided into chapters 
based upon organ systems, with common abnormalities illus- 
trated. Emphasis is on providing the reader with a thorough 
background in the uses to which the ordinary and special x-ray 
studies may be put. ’74, 192 pp., 98 il., $11.50, paper 


ATLAS OF BRAIN ANATOMY FOR C.T. SCANS: Using 
EMI Terminology (2nd Ed.) prepared by Fred C. Shipps, J. 
McAndrew Jones and Anthony D’Agostino, all of Good Sa- 
maritan Hospital and Medical Center, Portland, Oregon. The 
Second Edition of this atlas surpasses the usefulness even of its 
predecessor as a reference in computerized tomography and as 
an instructive tool. New chapters are included on the identifi- 
cation of common artifacts; on window width, window level, 
and mu; on transferring C.T. findings to the lateral skull film; 
and on a method of clinicopathological correlations. No one 
involved in neurology or radiology will want to overlook this 
peerless review of the state of the art of computerized tomog- 
raphy. ’77, 60 pp. (8 1/2 x 11), 82 il., $16.75, spiral (paper) 


TEXTBOOK OF DENTAL RADIOGRAPHY (Rev. 2nd Ptg.) 
by Olaf E. Langland, Louisiana State Univ., New Orleans, and 
Francis H. Sippy, Univ. of Iowa, Iowa City. Techniques for 
producing dental radiographs of high diagnostic quality are 
provided in this handsomely illustrated text. X-ray production, 
requisites of a diagnostic radiograph, radiobiology and radia- 
tion hygiene, intra-oral and extra-oral projection techniques, 
processing procedures, panoramic radiography, and legal as- 
pects are discussed. A complete glossary and appendices on 
radiographic supplies and equipment are included. Oral 
Health called this book “. . . the best [this reviewer has] seen in 
the field of dental radiography.” ’78, 400 pp. (6 3/4 x 9 3/4), 
303 iL, $18.75 


PANORAMIC DENTAL RADIOGRAPHY by Lincoln R. 
Manson-Hing, Univ. of Alabama, Birmingham. This volume 
presents the basic technical systems underlying the operation 
of various machines used in panoramic radiography. The his- 
tory of pantomography, the basic radiographic systems used, 
variations in radiographs made by different machines, radio- 
graphic anatomy and artifacts, case presentations, and film 
processing and viewing are topics which receive consideration. 
The material is accompanied by numerous high quality radio- 
graphic illustrations. An extensive bibliography is also in- 
cluded. ’76, 196 pp. (8 1/2 x 11), 296 il., 6 tables, $32.50 


ARTHROGRAPHY OF THE SHOULDER: The Diagnosis 
and Management of the Lesions Visualized by Julius S. Nevi- 
aser, George Washington Univ. Medical School, Washington, 
D.C. The author of this book emphasizes the minute points of 
technique, illustrates normal arthrograms, and describes ana- 
tomical variations of a normal shoulder joint. Chapters pre- 
sent clinical and arthrographic findings with explanatory 
roentgenographic illustrations. Outlines of conservative and 
operative treatment principles are also presented. Case studies 
highlight specific problems in which a definite diagnosis has 
been made by use of arthrography. ’75, 288 pp., 265 il., $22.50 


Handbook for RADIOLOGIC TECHNOLOGISTS AND 
SPECIAL PROCEDURES NURSES IN RADIOLOGY by 
Nieta Whitman Powell, Parker, Colorado. Foreword by Bob 
G. Eaton. This handbook offers guidelines for patient care, 
sterile technique, the Rashkind procedure, snaring procedures, 
and instrumentation. General radiologic procedures such as 
aortography, bronchography, cerebral angiography, intra- 
uterine blood transfusion and many others are described. The 
ABCD steps of cardiopulmonary resuscitation are given along 
with an emergency cart checklist. An outline describes the 
necessary steps for an electrically sate laboratory. ’74, 104 pp., 
30 il., $8.75 


Orders with remittance sent, on approval, postpaid 


301-327 East Lawrence 


Avenue æ» 


Springfield © Illinois © 62717 


rat the most 
demanding radiology 
departments in 
\merica can expect 
rom the second larges 
iim maker in the world. 





A complete line of superior, 
sensitometrically dependable 
X-ray films. 

All have the finest definition and 
image quality to help make pre- 
cise diagnoses. And all offer ap- 
propriate speed for the desired 
technique. Whether it’s general 
purpose radiology, or special 
procedures, such as cine-fluorog- 
raphy, angiography, or mammog- 
raphy, Agfa-Gevaert Rex has the 


film to meet your diagnostic needs. 


An extensive line of blue- 
emitting rare earth screens. 
Agfa-Gevaert Rex has a full line of 
rare earth screens that provide for 
virtually all possible film/screen 
combinations. Our screens per- 
mit reduced patient exposure and 
increased tube life... without 
sacrificing image quality. 


Quality assurance and techni 
cal support. 

To complement our products € 
services, Agfa-Gevaert Rex off 
innovative support systems de 
signed to save time and labor. 
systems like CHEMALERT, ou! 
Automatic Processor Monitor ¢ 
CHEMATIC II Automatic Soluti 
Mixer have demonstrated abili 
to reduce operating cost and 
improve overall efficiency. 











post-graduate course 
youcancarry anywnere. 


Listen to the 
leaders in the field 


Philip Alderson, M.D. 
Nuclear Medicine 


Johns Hopkins University, Baltimore 


Walter Berdon, M.D. 
Pediatric Radiology 
Columbia University, New York 


Joseph Bookstein, M.D. 
Angiography 

University of California, San Diego 
Murray Dalinka, M.D. 

Bone Radiology 

University of Pennsylvania, 
Philadelphia 


Richard Gold, M.D. 
Mammography 
University of California, 
Los Angeles 


Richard Marshak, M.D. 
Gastrointestinal Radiology 
Mount Sinai School of Medicine 
New York 


William Martel, M.D. 
Bone Radiology 
University of Michigan, Ann Arbor 


D. Gordon Potts, M.D. 
Neuroradiology 
Cornell University, New York 


W. Frederick Sample, M.D. 
Ultrasound and Computed 
Tomography 

University of California, 

Los Angeles 

Thomas Sherwood, M.B. 
Uroradiology 

University of Cambridge, England 
Morris Simon, M.D. 

Chest Radiology 

Harvard University, Boston 

Lee B. Talner, M.D. 

Uroradiology 

University of California, San Diego 


Conversations 
in Radiology 


is acompletely portable audio 
series that may be played on any 
standard tape cassette player. 
Your car, home or office con- 
veniently becomes an extension 
of your library. 


Volume 6 consists of 16 30- 
minute conversations issued in 8 
numbered cassettes. The first 
issue of Volume 6 began in April, 
1978. Subscriptions for the entire 
volume are still available. 


As asubscriber, you will receive 
an individual one-hour cassette 
and alist of pertinent references 
at approximately 6 week intervals 


during the course of the subscrip- 


tion year. A binder to hold 
cassettes for the entire series is 
sent with the first program. 


p 


170 Ninth Street. San Francisco, CA 94103 


Gentlemen, Name 
Please enter my subscription to 
Volume 6, Conversations in Radi- Address 
ology. | understand that for $78, | 

E will receive eight, one-hour tape Cit 
cassettes containing 16 half-hour i 

conversations with leading radi- 

g ologists...plus, a bookshelf bind- 
er and appropriate reference ma- 

terials 





Each program is prepared 
carefully for both content 
and sound quality. Together, 
the cassette and references 
form a valuable reference 
library that expands over the 
years. 


Conversations in Radiology 
qualifies as self-instructional, 
non-supervised educational 
material. No examinations 
are required. Each individual 
listener may claim up to 8 
credit hours in any sub- 
scription year for American 
Medical Association 
category 5(a) and California 
Medical Association 
category 1(f) continuing 
medical education (CME) 
credit. 


A E A n E E E E a a 
i Conversations in Radiology 


__State_. Zip A 


Check enclosed 
Bill me $78* (Payable in U.S. currency) 
*$15 additional outside of North America 


Please send me information about Previous volumes 
that are still available. 


a ntensified 


‘ adiographic 
maging 


Ð ystem 


achlett’s IRIS 100 system is a 
ound investment — both for the 
Jiagnosticiam and for the hospital — 
yecause it provides the most modern 

____.selevision fluoroscopy/spotfilming 
tapabilities without the need for buy- 

g a whole new x-ray room. By im- 
b)coh late the radiologist s productivity, 
noreover, IRIS 100 enables him to 
ipply his much needed skills to a 
reater patient load. 


While its cost is attractive, the real 
‘reasons for selecting IRIS 100 for 
your x-ray roem are far more impor- 
gant: 


Image Sharpness Machlett’s 
Cesium lodide Image Intensifier tube 
with its three focusing grids assures 
bright, sharp images both-on film and 
on the television screen. 


Short F-R-F Time Mactlett’s ‘‘slid- 
ing mirror” image distributor lets you 
quietly shift from fluoroscopy to spot 
radiography and back to duoroscopy 
in less than one second. 


Rapid Filming The Jld Delft 
‘‘Anodica’’ camera takes 100mm 


‘films singly or sequentially at 1- 


per-second or 2-per-secand rates. 
Exposures are short enouch to freeze 
peristaltic motion. Photetiming as- 
sures uniform film densities. 


Human-Engineered Con-rols Con- 
trols are conveniently placed and de- 
signed for operation with gloved 
hands. Warning lights ang interlocks 
eliminate such human errors as ex- 
posure without tilm 


Positive Patient ID The 100m 
camera will not operate without the 
patient identification card in place 
Film is identified at the time it is ex 
posed. 


For the whole story on IRIS 100 
contact your x-ray equipment deale 
or 


Machlett Laboratories, Incorporate 
A Raytheon Company 


1063 Hope Street 
Stamford, Connecticut 06907 
(203) 348-7511 
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One nice feature of this 
filmchanger is that, to 
bring magnification up...’ . 


- 





...you simply bring the PUCK down. 


The Puck is quite a 
remarkaole cutfilm 
changer. It's economical, 
it's mobile and it’s com- 
pact— only 6% inches 
thick. Yet, it produces 
Superb image quality for 
abdominal, peripheral, 
thoracic and cerebral 
angiography. With up to 
3 exp/sec and with 20 
film capacity. With patient identification and 
sequential numbering of each film. 

But that’s just the beginning. 

An available stand allows Puck to travel 
400mm (approx. 16”) vertically and to be tilted 
for frontal and lateral projections. By lowering 
Puck while it’s under a table without vertical 
adjustment, you can select up to approxi- 
mately 2:1 magnification. With a vertically 
adjustable table the range of magnification 
is increased. 

No other rapid filmchanger offers this 
advantage. 

In addition to magnification, Puck offers 
very low x-ray attenuation and perfect screen/ 
film contact. Our new CFRP front plate makes 
this possible. This unique Carbon Fiber Rein- 
forced Plastic plate makes no compromise 
between x-ray atteruation and screen/film 
contact. Together with today’s micro-focus 


r = a - 


__ When a better idea in filmchangers comes alorg, it will come from us. 





tubes and rare earth 
screens, the CFRP lend: 
itself very well to the 
magnification capabil- 
ities of Puck. 

And no other com- 
pact changer offers this 
advantage. 

In addition to com- 
pact size, increased 
magnification, and the 
CFRP plate, Puck offers the convenience and 
accuracy of punch card programming. Punch 
card programming allows you to pre-deter- 
mine the number of films in aseries, and to 
sp ita magazine load on two or more runs. 
The card can also correlate the filmchanger 
with the injector and control the movements 
of a programmed table. In biplane, only one 
punch card is necessary to operate frontal 
and lateral changers, and they can be pro- 
grammed for alternate or simultaneous 
exposures. 

Puck is available in two models to fit 
filn sizes of 35 x 35cm or 24 x 30cm. See 
how Puck can fit into your special procedure 
room. 

For detailed information about Puck cut- 
film changers and stands, write Elema- 
Schonander, Inc. 699 Lively Blvd., Elk Grove 
Vi lage. IL. 60007. Or call (312) 593-6770. 
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Here’s the complete answer to 
improved radiographs: Pyne X-Ray’s 
outstanding package of Fuji Film, 
Kyokko Screens, and Quality 
Assurance Program. 


Fuji Film is your No. 1 value for its ~E 
exceptional contrast, latitude, reso- 

lution with low fog level, and high diag- 

ORR ELISA 

Kyokko Screens are technically unmatched 

for providing higher speed without compromise 

to superior resolution. 

Quality Assurance Program developed by Pyne 
X-Ray has set a new standard in providing technical 
assistance to insure consistent radiographic quality. 


For details, call your nearest Pyne X-Ray representative. 


QUALITY PRODUCTS PLUS PERSONAL SERVICE 
Distributed throughout the U.S. 


PYN = He RAY CORPO RATI @) N NEW YORK CHICAGO LOS ANGELES 


20 North Avenue 1211 West Norwood Avenue 1639 Gardena Avenue 
Larchmont, New York 10538 Itasca, Illinois 60143 Glendale. California 91204 
(914) 834-4567 (312) 773-3360 (213) 240-0280 





Most computer tomograph scanners have excessive lag-time 
between machine scanning and image reconstruction. 


The Siemens Difference: Instantaneous 
image reconstruction 


Immediate clinical 
evaluation 

Delayed processing time is a 
thing of the past with Siemens 
computer tomographs, 
SIRETOM and SOMATOM. 
A specially designed high- 
speed computer reconstructs 
scanned images instanta - 
neously. This permits imme- 
diate decisions as to diagnosis 
and course of treatment 
while providing for faster and 
smoother patient processing. 


Reduced scan time 
scanning for both SIRETOM 
(head scanner) and SOMATOM 
(whole body scanner) is gov- 
erned by the SCINTILLARC 
fan-beam solid-state detector 
array system. The result of 

this advanced engineering 

is evidenced by a dramatic 
reduction in setup and 

scan time along with un- 
Surpassed quality tomograms 
achieved under clinical 
conditions. 





Concepts... 
engineered to radiologic excellence 


SIEMENS 


Most high-energy linear accelerators continue to use thick target 
and thick scattering foil techniques to produce X-ray and electron beams. 


The Siemens Difference: Advanced X-ray 
target and electron scattering foil systems 


The MEVATRON-20 

- Siemens’ newest accelerator, 
the MEVATRON-20, utilizes a 
multiple element X-ray target 
and a unique double-foll 
electron scattering system to 
produce outstanding beam 
quality. Additionally, it features 
an integral verification capa- 
bility for error-free machine 
setup. And with the highly flex- 
ible “Z” patient table, it forms a 
truly integrated installation 
ideally suited for modern radia- 
tion therapy technique. 


The MEVATRON series 


Siemens’ product selection 
also includes the MEVATRON-6 
and MEVATRON-12 which, 
together with MEVATRON-20, 
cover the full spectrum of 
energy and modality 
requirements. 





Most remote-controlled examination units are products 
of alterations to standard radiographic anc fluoroscopic units. 


The Siemens Difference: Specific systems 
for specific needs 


Versatile applications 
Siemens responds to the varying 
needs ofthe radiologist with a full 
line of re note-controlled exami- 
nation umits—SIREGRAPH A, 
SIREGR*APH B, and SIREGRAPH II. 
Virtua ly avery radiographic or 
fluoroscepic examination may 
be perfomed on a system from 
Our wideselection of universal 
procedure or dedicated-purpose 
remote-controlled diagnostic 
products. 


Individualized systems 


Our systems were developed to 
meet Megrowing preference for 
remote examination tables and to 
meet ne need for individual. 
custom-designed units that 
would saisfy different levels of 
requirements for versatility and 
applicaticn. 
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Concepts... | 
engineered to radiologic excellence 


SIEMENS 


Most of today’s diagnostic X-ray generators still require lengthy 
programming of routines— individual selection of exposure time, 
focal spot, milliampere, and major and minor kilovoltage settings. 


The Siemens Difference: Organ-related 
push-button programming 


Simplicity of 
operation 


Siemens has engineered 
operator time efficiency into 
diagnostic X-ray genera- 
tors. Both OPTIMATIC 
and ORGANOMATIC 
generator series 
feature organ- 

related techniques 
which eliminate errors 
caused by miscalculation of 
exposure times and settings. 
One push button selects the 
examination units, kV, mAs, 
focal spot, and screen-type. 
The result is more efficient 
operational control and 
improved patient processing. 












— 
P” 






Most X-ray reporting procedures require that the radiologist 
dictae his findings to the clerical staff who then prepares 
the report for editing, writing, and filing. 


The Siemens Difference: Immediate automatic 
processing and printing of final reports 


A new way of 


reporting 

SIREP replaces the dictating 
macnin2 and all other conven- 
tional methods of X-ray reporting 
with a computerized input 
termina and acomprehen- 
sive rad Dlogical lexicon, 
RADLE<. Each RADLEX 
frame centains a vocab- 
ulary of diagnostic, 
anatom zal, and radio- 
logic ter ns from which 
the radiclogist selects 

his findirgs. These are 
compiled in a logical 
manner oy the radiol- 
ogist to form aconcise 
and acc urate report 
emphaszing positive find- 
ings, degrees of certainty, 
Statements of change, and 
advice fcr further study. Once 
the text Fas been completed 
and app oved, the radiologist 
simply pushes a button to 
receive £ perfectly typed copy 
of his final report. 







Concepts... 
engineered to radiologic excellence 


SIEMENS 


Most X-ray television display systems enhance images 
by simply doubling line frequency. 


The Siemens Difference: Total electronic 
transfer of all available information 


Improved image 
quality 

Siemens has gone beyond 
doubling the line frequency to 
enhance the image of the VIDEO 
MED H. Electrical bandwidth of 
the video amplifier has been 
extended, resolution of optical 
and electron-optical components 
has been more uniformly distrib- 
uted, and the signal-to-noise ratio 
has been increased. The overall 
result is improved system M.T.F. 


Diagnose directly 
from the television 
display 

The VIDEO MED H repre- 
sents one of the truly great emm 
achievements in the use of —= 
X-ray television systems. i 
Details of the fluoroscopic —a— 
image maintain their sharp- | 
ness, even with a high bright- 
ness level in the television 
display. 









Most operating room installations incorporate equipment from 
a var ety of suppliers that is expected to function as a system. 


The Siemens Difference: Complete 
single-source O.R. systems 


Total system planning 


There is no room for error when 
it comes to planning something 
as complex and sophisticated as 
an operating room installation. 
Only Siemens offers an experi- 
enced approach that includes 
the designing, planning, installa- 
tion, in-service training, financing, 
and servicing of a total system 

to meet your individual 
requirements. 
Compatibility is 
engineered into 
thesystem 

Because Siemens is a single- 
source supplier, system com- 
patibilityof all equipment is 
assurec. Tables, lights, X-ray 
equipment, electrosurgical units, 
patient monitors, defibrillators — 
all are required to meet the 

high standard of Siemens’ per- 
formance prior to system installa- 
tion. Whenever you are planning 


an operating room, depend on 
Siemens. 





Concepts... 
engineered to radiologic excellence 


SIEMENS 


Most mobile C-arm fluoroscopy systems lose their maneuverability 
when used with sterile covers. 


The Siemens Difference: Total maneuverability 
in aseptic procedures 


No inhibition of 
mobility 

Siemens has designed the 
SIREMOBIL 2U with the special 
requirements of the operating 
environment in mind. The C-arm 
is uniquely assembled to the hori- 
zontal support with a recessed 
slide track mechanism. Because 
there are no external gears, 
maneuverability remains unob- 
structed during surgical 
procedures. 


Other system benefits 
The unique operating capability 
of the SIREMOBIL 2U Is excep- 
tionally enhanced with the 
IMAGE STORE disc recorder 
which allows alternating com- 
parison of previously stored and 
live fluoroscopy images. 





New Fluoricon L300: the unparalleled, 


Ne 9” triple field, suspensionless 
intensifier with high frame rate 
photospot camera. 
a Improved imaging in a new lightweight, suspen- Suspensionless intensifier design with patented 
sionless package—the Fluoricon® L300. power assist provides easy operation— 
Higher resolution and higher contrast ratios even in the smallest R&F room. 













for more diagnostic detail. 


User selectable dose rate provides 
added video gain when needed for 
obese patients, and facilitates lowest 
dosage for young or thin patients. 


| MPX computerized technic 
~ management allows programmable 
a tablesic& control of spotfilm and 
= photospot technics. Facilitates 
all exams, including pediatrics. 


Fluoricon L300 is part of GE’s totally new 
R&F system, including MPX computerized 
generators with Quantamatic™ technic 
management, and the unsurpassed 
RFX table/spotfilmer. A complete, 
compact system for tne ultimate in 
performance. And it's easier than 
ever to use—with no hang ups. 


You'd expect it from GE. 


General Electric Medical Systems, 
ma Milwaukee, Toronto, Madrid. 
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MPX computerized 


generators give you 


high quality films, 
time after time. 


That's because Quantamatic™ tx 
technic management consistently 
provides the right settings for each 
procedure, with microprocessor 
speed and precision. 


You can-store all your technics in 


PATELLA 


the tx memory for instant access. Just press the 
appropriate selection buttons and the microprocessor 

instantly calculates and displays all technic parameters. 
Any setting may be overriden on command. 
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On the button, 
every time. 








With over 200 programmed AEC 
and fixed time technics (on or off 
table) available, you can handle 
virtually every patient size. From 
infant to obese adult. And any body 
part, including extremities. You'll 
get standardized film quality, from 
exam to exam, room to room. 


Fast, consistent technic selection 
means more time for patient 
positioning. And elimination of 
costly retakes. With MPX, you're 
right on the button every time. 


You'd expect it from GE. 
General Electric Medical Systems, Milwaukee, 


Toronto, Madrid. 
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The gantry provides angulation 
of + 30° for exact alignment of 
the x-ray beam with anatomical 
reference points. In addition, this 
motion is most useful for orien- 
tation of CT sections with patients 
who have cervical arthrosis. 


e patient couch has a unique 
swivel motion providing precise 
adjustment of symmetrical trans- 
verse sections. Two structures, 
such as the optic nerves, Can be 
optimumly visualized inthe same 
scan without difficulty. 


Call your CGR representative for details 


ae ar 





Scanners are not universal. And this is a critical 
factor in neuroradiology. Neuroradiology requires a 
scanner that’s specific to its diagnostic requirements. 


CGR ND 8000 is this scanner. 


The ND 8000 has unique technology for cranial 
examinations. A special geometry for the x-ray beam. 
Specific collimation as well as filtration. And an adapted 
selective reconstruction program. 





The new system is excellent for standard diagnostic 
procedures and particularly advantageous in trauma 
cases and pediatric examinations. The ND 8000 facilitates bi 
easy definition and excellent scan symmetry. 


Examination times are short with immediate data 
acquisition. To eliminate artifacts. And improve results. 


The CGR ND 8000. Significantly advancing the 
state-of-the-art in computerized tomography of the head. 


Large fronto-parietal 
tumor pushing back the 
right lateral ventricle. 
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to see and to interpret 
The recording of outstanding dataisa @ The integrated microprocessor. 
necessity but their interpretation and e The independent function of the 
manipulation are still more mandatory. diagnostic desk. 
ND 8000 offers several visualization f Ri eoar Eere mage 
Sa aaa a e 

q p ; measurement. 

Without altering the recorded data, a e The color display of scans to 
thorough study of the visualized scan enhance the image visualization. 


is made easier thanks to : e The easy reproducibility of all data. 
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THIS BOOK TELLS 
A LOT ABOUT US . WITHOUT ONCE 
MENTIONING OUR NAME 


OROUR PRODUCTS 


The name of this volume is Certificate of 
Need: An Expanding Regulatory Concept. 
Not once in its 944 pages does the name 
Pfizer appear. 

Yet, despite this, we are proud to 
offer this book to several hundred 
people in the health care field, with our 
compliments, as part of an important, new 
Pfizer program called the Certificate of 
Need Assistance Program. 

A Total CON. Assistance Program 
Pfizer’s C.O.N. Assistance Program is 
designed to aid you in the increasingly 
regulated climate in which medicine 
now operates. As one of the health care 
industry's leaders for 129 years, Pfizer 
feels a responsibility not only to provide 
quality products but also to join the 
medical community in its current search 
for effective ways to comply with these 
regulations. Typical of these require- 
ments is the Certificate of Need, or C.O.N., 
which is required in most cases where 
federal funding is involved in paying for 
major equ pment or plant expansion. 


Toll-free CON. Assistance Service 


Applying tor the C.O.N. can be a com- 
plicated process—sometimes contusing, 





always time-consuming. The Pfizer 
C.O.N. Assistance Program can help. 
The two main components of this pro- 
gram are the book, Certificate of Need: 
An Expanding Regulatory Concept, and 
the toll-free C.O.N. Telephone Service to 
answer questions about tle cost effec- 
tiveness of diagnostic equipment, as 
well as how this information relates to 
C.O.N. requirements. 

To use our C.O.N. Telephone Ser- 
vice just phone 800-638-9590, from 
9 a.m.-5 p.m. Monday through Friday. 
(In Maryland, please call 301-992-7384, 
collect.) 


Complimentary Books to 
Administrators and Radiologists 


Many hospital administrators have al- 
ready received copies of the book. We 
have also offered it to chiet radiologists 
throughout the country anc to certain 
other medical and adminis'rative per- 
sonnel who are involved in the purchase 
of diagnostic equipment. 

(Incidentally, if you have not per- 
sonally received Certificat@-af Need: An 
Expanding Regulatory Concept, and you 
take part in major purchasing as a hos- 
pital executive or radiologist, you are 
welcome to a complimentary copy. To 
receive it, just send us your request on 
your official letterhead.) 





The book, as its title suggests, is a 
comprehensive, state-by-state compila 
tion of current C.O.N. requirements. V 
feel that it makes a substantial contribu 
tion to understanding this very comple 
subject. And it is a subject in which we 
feel a special responsibil ty, since CT 
Scanners usually require this docume 


Full Range of 
Pfizer Radiological Services 


Now that we have told you how we're 
making it easier for you to meet the reg 
ulatory requirements for buying diagne 
tic equipment, we'd like -o tell you wh 
you should want to. 

There’s an expert specially qualifi 
to do just that: the Pfizer Medical Sys- 
tems or Radiologic Sciences Technica 
Representative. 

He'll give you useful, specific in- 
formation on the one subject that isn’t 
included in the C.O.N. Assistance Pro 
gram. 

Our Products. 


Ptizer Inc. 
235 East 42nd St. 
New York, NY. 10017 


Advancing the 
Science of Therapeutics 
and Diagnostics. 


= Complimentary boo 
Administrators anc Rad 


Please send requests on official le’ 


Mr. Grant W. Denson, Jr. 
Director of Planning 
Pfizer Pharmaceuticals ar 
Diagnostic Products 


235 East 42nd St, 


Up YU to Deluxe Quality, 
Down 15 to Economical Price! 





Philips’ full family of R/F systems offers every- and routine radiography with no ceiling sus- 
thing you need for universal diagnostics. pension required for any imaging systems 

We're especially proud of the Diagnost 53, a combination! 

90°/15° tilting table for universal diagnostics. Efficient, non-fatiguing operation of the fully 
(In tandem with the power, performance, integrated, physician-oriented, power-assisted 
operational and service simplicity of one of spot film device lets you devote all your time 
our three-phase, high output Classic Genera- to the examination. 


z Š Š oe ae . ° | 
ITS, YO AVE i dass ) WN WM. ; ‘ = ; 
tors, you have a classic combination: ) Optimal geometric conditions, automatic 


The Diagnost 53 is engineered with Philips’ fluoroscopy control, Anatomically Programmed 
sophisticated specifications, yet priced in the 
very affordable middle range. It gives you full 
facilities for fluoroscopy, spot film radiography 





PHILIPS MEDICAL SYSTEMS, INC. 


Diagnost 55 


Requires no ceiling suspension 
for any imaging systems combination 





Radiography (available with Philips 

Modular Generators), and extensive spot film 
device travel are just some of the reasons 
you're assured of full value with consistently 
optimum diagnostic information. 


Join the Prilips family. It’s more than quality 
systems working for you: it’s dedicated experts 


working with you. 





PHILIPS 


JOT Whit i FORGE, 
PAULUS I KOME, 


The Air Force has a new Hometown Assignment Program 
for physicians. If you have the right specialty and if you live in or 
near a city where an Air Force hospital is located, you could qualify. 

You would receive a direct commission, possibly as high as 
Lt. Colonel, and all the benefits of an Air Force Officer. At the same 
time you could maintain your present home. Your children could 
stay in the same schools. You could even take a paid vacation—4 


weeks a year! 
Here's what you would /ose. 


You wouldn't have tc pay malpractice insurance. “Boss” an 
office staff. Or worry about the thousands of details a small busi- 


nessman has to deal with. a D 
You could concentrate on practicing medicine. 


Get all the details. Talk to your Air Force Recruiter. Or mail in 


this coupon. 


Its a great way of life! 
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THE CERVICAL SYNDROME (4th Ed.) by Ruth Jackson, 
Southwestern Medical School of The Univ. of Texas, Dallas. 
Foreword by A. Steindler. The new edition of this definitive 
treatise continues to stress the basics: fundamental anatomy, 
a careful patient history, meticulous examination, and ade- 
quate radiography. The anatomy of the cervical spine is pre- 
sented more clearly and in greater detail than ever; the 
etiology of responsible factors has been further amplified; 
symptomatology and clinical findings receive expanded and 
updated coverage. The section on radiographic examination 
has been enlarged, with material on cineradiography, pano- 
ramic tomography, angiography, myelography and discog- 
raphy. The section on treatment stresses more fully the 
importance of prevention and updates its reportage of proven 
therapeutic techniques. '78, 416 pp., 459 il. (7 in color), 
$19.50 

AN INTRODUCTION TO THE PHYSICS OF NUCLEAR 
MEDICINE by Paul N. Goodwin, Albert Einstein College of 
Medicine, Bronx, New York, and Dandamudi V. Rao, New 
Jersey Medical School, Newark. The principles and physics 
of nuclear medicine are presented by this book in a simple yet 
comprehensive manner. To aid self-study, problems and mul- 
tiple choice questions are included at the end of each chapter. 
Topics include a review of elementary mathematics, the 
structure of matter, the nature of radioactivity, nuclear decay 
processes, the interaction of radiation with matter, scintilla- 
tion detectors, scanners, gamma cameras and other imaging 
devices, radionuclides in nuclear medicine, statistics of radia- 
tion measurements, radiation safety, and radiation dosimetry. 
'77, 164 pp. (6 3/4 x 9 3/4), 44 il., 4 tables, $18.50 
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UNDERSTANDING RADIOGRAPHY by Stephen S. Hiss, 
Atlantic City Medical Center, Atlantic City, New Jersey. This 
detailed book encompasses the vast changes that have re- 
cently taken. place in the field. The descriptive and imagina- 
tive manner in which it is written and illustrated makes it 
unusually informative and enjoyable to read. Great care has 
been taken to provide a blend of the basic technical factors, 
their relationship to physics, and their applicability to typ- 
ical situations with which the technologist will be con- 
fronted. Characteristics of the radiographic image, film and 
processing, intensifying screens, focal distance, the remnant 
beam, and tomography are among the subjects examined. 
78, 376 pp. (6 3/4 x 9 3/4), 365 il; 4 tables, $29.50 

A STUDY GUIDE TO UNDERSTANDING RADIOG- 
RAPHY by Stephen S. Hiss, Atlantic City Medical Center, 
Atlantic City, New Jersey. Designed as an adjunct to UN- 
DERSTANDING RADIOGRAPHY, this study guide will 
help students learn the material and assess their own pro- 
eress. Its scope and format, which parallel the main text, will 
be especially helpful to students preparing for the American 
Registry Examination in X-Ray Technology. There are ap- 
proximately 1,000 questions arranged by subject matter. They 
are grouped together in small sections immediately following 
the information with which they deal. Questions are also 
found at the end of each chapter in the form of a final exam1- 
nation. These questions (multiple choice, true-false, fill-in- 
the-blank, essay, and identification and explanation of 
illustrations) will aid in reviewing*the facts and techniques 
outlined in that chapter. Answers to the questions appear 1n 
the back of the book. ’78, 150 pp., 41 il., $6.50, paper 
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Announcing The: 
ASIAN-PACIFIC 
M=DICAL IMAGING CONFERENCE 


December 13-29, 1978—HONG KONG 


and a post-meeting tour of the: 


PEOPLE’S REPUBLIC 
OF CHINA 


Continuing Medical Education for Radiologists, 
Physiciens, Practitioners and Scientists 





The American College of Medical Imaging is pleased 
to announce its first international meeting in Hong 
Kong, and its invitation by the People’s Republic of 
China te have a limited number of U.S. physicians 
attending this conference travel to Canton and Pe- 
king for an eight day post-convention tour. A sub- 
stantial Dortion of the costs will be tax-deductible. A 
few vacancies may still exist at the time of this 
announcement. 


Please write or call for brochure and application: 


AMERICAN COLLEGE OF MEDICAL IMAGING 
P.O Box 27188, Los Angeles, CA 90027 
Tel=shone: (213) 275-1393 














WALL FOR 14x17, 17x14, 10x12 

and/or 8x10 CASSETTES. 
COMPATIBLE with 

AS ETTE COLLIMATORS HAVING 

(PBL) POSITIVE BEAM 


LIMITING ABILITY 


y Easy to use: Simply 

D slide the Cassette 
a nto the track. Unique 

itsa ( S&S flipper design en- 


SnaP 4 / ables change of Cassette 
toUse' size with flip of a finger. 


For laree and small X-Ray rooms. 
Built sor “‘Hospital-duty’’ use—— 
but price for the small X-Ray user. 


FEATURES: Sturdy box girder 








construction, nylon bearings, dual 

lock system, constant torque counter- 
balances amd Extra-Heavy plated steel 
tubes. Requares very minimum of tech- 
nician‘s tame. Increases productivity 
Complies with DHEW Regulations. 


PRICES carts at $500.00 complete. 
S. & S. X-RAY PRODUCTS INC. Accessory Catalog 


The Complete Line of a 


SOLD BY LOCAL 
X-Ray Accessories X-RAY DEALERS 


87-93 JAY STREET, BROOKLYN. N.Y. 11201 
Telephone: 212-852-6900 





_ Astro R&F is 


ee Picker’s new Astro R&EF system demonstrates 

how well we respond to the health-care needs 

of today, particularly to cost-containment 
programs. Astro isa quality R@F system that 

is both affordable and compact. So now 

there is a “value system” for RGF that 

fits even the austere budget — and just 

about any X-ray room you choose to 

put it in. 
















We built Astro to 
do the job in small 
hospitals and clinics 

without cutting cor- 

ners on quality. This 
top-notch system 
has the necessary 
features to deliver 
quality RGF results 
including mammog- 
raphy and arthrography 

Linear tomography is 

optional. 

The durable Astro 102 table 

makes patient handling a snap 

== because Astro is designed to 
~~ facilitate fast operation. With a 

low-profile table for rapid throughput of both ambulatory and stretcher patients, Astro 

also features a two-way power top for positioning ease. 

With Astro you can choose cither a front or back-loading spotfilmer. Convenience 
features include: spotfilm automatic exposure control...longitudinal power assist ot 
spotfilmer...and selections of up to nine exposure patterns on a 92 x 94" cassette. Humar 
engineered operator controls are conveniently located for fast spottilming. 

We offer a choice of either Astrocon TV or Astroview mirror viewing. Both viewing 
systems are readily interchangeable. Either imaging system Is integrally mounted for 
quick installation, and centers at 67 in. (1700 mm) above the floor for complete upper 
GI coverage of your taller patients. 
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just plain value. 


Our 600 mA single-phase generator assures ample 
power for all your examinations. Also, you have the option of 
designating conventional or simple mAs technique selection. 

A rigid counterpoised telescoping tubemount supports 
the radiographic tube, minimizing sag and vibration. For 
precise A-ray field centering and reduction of penumbra, 
Astro is equipped with Pickers automatic collimator. 

Another feature is the “mini-centroid” concept — 





computer-prewired 


eee , | 

Bes ee interconnecting cables to 
ensure a speedy, accurate 
installation. 
















An Astro system can normally 
de installed in a week's time. Becaus 
Astro uses 100% Picker made com- 
ponents, spare parts backup through our 
worldwide service organization assures 
you of continued operation. 
The affordable Astro R@F— the 
value system. When you measure what you 
really need for RAF it fits. Contact your 
local Picker representative or write 
Picker Corporation or Picker Internationa 


995 Miner Road, Cleveland, OH 44143. 
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Liquid 
Polibar wu 
Super AL 


A Total System 


Satisfactory results in the dou- 
ble-contrast examination of the 
colon require special attention to 
two aspects of the procedure. 








First, the barium sulfate formu- 
lation. Our Liquid Polibar (56% i 
w/w) is a bubble-free, non-pre- km 
cipitating uniform suspension ae 
formulation ... with proper flow 
and coating characteristics. No 
blending required and once rou- 
tines are established, you can rely 
on its consistency. 


One pedunculated and one smaller sessile polyp at the 
The second concern is with the apex of the sigmond loop. 


proper apparatus. The F-7-EM Film Courtesy of Richard Palmer Gold M.D Columbia Presb Medical Center N.Y 
system is unique in that 1/2” lumen 

tubing attached to the enema bag is 

utilized — for freer, more uniform flow. 

Miller Air Retention Tip, with or without 


optional cuff completes the system. f a 


A total system for ease of administration œ.zZz-EM 7 Portland Avé. 
and consistently reliable radiological results. Westbury, New York 11590 
For additional literature, write: | | (51 6) 333 8230 


International Affiliates: E-Z-EM Rooster B. V.. Infirmeriestraat 6-8, Rotterdam 16. Netherlands 
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Is making...not wil] make. That's the dif- 


ference between a commitment and a claim. 


And that’s why Pfizer encourages questions 
about our CT scanner. We think that when 
it's time to compare answers, you'll see the 
difference for yourself. 
Prestigious installations. 

Pfizer has over 150 working CT sites in the 
United States and 13 foreign countries. Our 
list includes installations at University of Col- 


orado Medical Center, Columbia-Presbyter- 


ian Medical Center Hospital, Johns Hopkins 
Hospital, Michigan State University Hospital, 
University of Minnesota Hospital, and Yale- 
New Haven Hospital. 
Near-perfect service. 

A worldwide network ol dedicated, experl- 
enced service engineers, each capable of 
total system maintenance. They've provided 


a documented average uptime recordoí 
96% for installations in the U.S. And thats 
a remarkable service record in the CT 
industry. 

Complete product line. 
A full family of scanning equipment. From 
the industr y’s first total-body scanner to our 
benchmark 0200FS whole-body unit, up to 
the recently announced Pfizer/AS&E CT 
scanner — the first high resolution fourth- 
generation scanner. Pfizer now offers one 
of the most complete lines of CT scanning 
equipment in the world. Featuring CT im- 
ages of outstanding clarity, mobile patient 
handling systems, diagnostic flexibility and 
advanced software capability every step of 
the way. 

Pfizer and AS&E.” Together. 
Early this year, Pfizer Medical Systems, Inc. 





know what kind of commitment 
the manufacturer is making. 


signed an agreement with American Scr 
ence and Engineering, Inc. Pfizer and 
AS&E, both pioneers in the industry, will 
continue to develop new radiological prod- 
ucts, including a revolutionary cardiac 
scanner. It was Pfizer who developed the 
first whole-body scanning system. It was 
AS&E who first introduced fourth-genera- 
tion geometry, acknowledged as the most 
advanced CT technology in the world. And 
together we will continue to practice our 
commitment. Not just promise It. 

For more information, write 
Pfizer Medical 
Systems, Inc., 
Dept. JR, 9052 
Old Annapolis 
Road, Columbia, 
Maryland 21045. PFIZER MEDICAL SYSTEMS, INC. 


We're leaders. And we can show you why. 
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Friedland GW 
DIAGNOSTIC IMAGING 
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421 Gastric Emphysema in Infants with Hypertrophic Pyloric Stenosis. Lester PD, Budge AF, Barnes JC, Kirks DR ; 
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